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I HAVE adopted a general title, ' The Colours of 
Animals/ in order to indicate the contents of this 
volume, although the vast majority of the examples 
are taken from insects, and indeed almost invariably 
from a single order, the Lepidoptera. The examples 
are, however, employed merely to illustrate principles 
which are of wide application. 

I have purposely abstained from multiplying in- 
stances when a little observation or even reflection 
will supply them in large numbers. For example, 
the ordinary Protective Eesemblances of mammals 
and birds are barely alluded to, on this account. On 
the other hand, more difficult problems, such as the 
change of colour in arctic mammals, or the meaning 
of the colours of birds’ eggs, are treated at far greater 
length. My object in both cases is the same : to 
stimulate observation in a subject which will amply 
repay investigation, from the scientific value of the 
resulte, and the never-failing interest and charm of 
the in(juiry. 
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Variable Protective Eesemblance in insects is 
treated in considerable detail, for the reasons given 
above, and because much of the work is so recent 
that no complete account can be found outside the 
original memoirs. 

My chief object has been to demonstrate the 
utility of colour and marking in animals. In many 
cases I have attempted to prove that Natural Selection 
has sufficed to account for the results achieved ; and 
I fully believe that further knowledge will prove that 
this principle explains the origin of all appearances 
except those which are due to the subordinate prin- 
ciple of Sexual Selection, and a few comparatively 
unimportant instances which are due to Isolation or 
to Correlation of Growth. 

In support cf these views I have endeavoured to 
bring together a large amount of experimental evi- 
dence in favour of the theories as to the various uses of 
colour. Further experiments are still greatly needed. 

In the chapters on ‘ Sexual Selection ’ I have 
argued in favour of Darwin’s views, and have 
attempted to defend them against recently published 
attacks. 

At the conclusion of the volume I have brought 
forward a detailed classification of the various uses 
of colour, in which new, and, I believe, more con- 
venient terms are suggested. Definitions and exam- 
ples are also given in the classification, which is, in 
fact, a brief abstract of the whole book, 
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I have to thank the Councils of various scientific 
societies for the courteous permission to copy figures 
from their respective publications. The figures in 
the coloured plate are copied from the plates accom- 
panying Mr. Roland Trimen’s paper in the ‘ Trans- 
actions of the Linnean Society,’ vol. xxvi. pp. 
497-522. Figures 18, 19, 20, 21, and 22 are copied 
from the plate accompanying Mr. R. Rowdier Sharpe’s 
paper in the ‘ Proceedings of the Zoological Society,’ 
1873, pp. 414 et seqq. Figures 3, 4, 5, 6, 7, 8, 11, 
14, 58, 60, 61, 62 are copied fi’om the plates and 
woodcuts accompanying my papers in the ‘ Transac- 
tions of the Entomological Society,’ 1884, 1885, 1887, 
and 1888. Figures 25, 26, and 27 are copied from 
the plate accompanying Mrs. Barber’s paper in the 
‘ Transactions of the Entomological Society,’ 1874, 
pp. 519 et seqq. Figures 29 and 30 are copied from 
the plate and woodcuts accompanying my paper in 
the ‘ Philosophical Transactions of the Royal Society,’ 
vol. 178 (1887), B, pp. 311-441. Figures 15, 16, 53, 
54, 63, 64, 65, 66 are copied from the woodcuts and 
plates accompanying G. W. -and E. G. Peckham's 
paper in the ‘Occasional Papers of the Natural 
History Society of Wisconsin,’ vol. i. (1889), Milwaukee. 
Figures 55 and 56 are copied from the plates accom- 
panying Professor Weismann’s ‘ Studies in the Theory 
of Descent,’ translated by Professor Meldola. Figure 
10 is copied from one of the plates accompanying Dr. 
Wilhelm|Miiller’s ‘ Siidamerikanische Nymphaliden- 
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raupen’ Zoologische Jahrbiicher/ J. W. Spengel, 
Jena, 1886). Figure 42 is copied from Vogt ('The 
Natural History of Animals ’ : English translation : 
Blackie and Son). Figures 44 and 45 are copied 
from the plates accompanying Curtis’s ' British 
Lepidoptera.’ The remaining figures are original. 
Figure 17 was kindly lent me by Dr. A,. E. Wallace, 
to whom it had been sent by Mr. Wood-Mason. In 
preparing the drawings of the original figures I have 
been greatly assisted by my wife, my sister Miss L. S. 
Poulton, Miss Horman Fisher, Mr. Alfred Sich, 
Mr. Alfred Eobinson, and especially by Miss Cundell. 

I have almost invariably referred to original 
papers from which facts or conclusions have been 
adopted; so that any reader having access to a 
scientific library may easily gain possession of further 
details. Not wishing to overburden the book with 
such notes, I have abstained from referring constantly 
to my own papers, although most of the examples are 
taken from them. A list of my papers which deal 
with the colours of insects is therefore printed below. 

‘ Tran-saotions Entomological Society,’ London, 1884, pp. 27-60 
„ „ „ „ 1885, „ 281-329 

„ „ ,, „ 1886, „ 137-179 

„ „ „ „ 1887, „ 281-321 

,, 11 11 11 1888, ,, 615—606 

‘ Philos. Trans. Boyal Society,’ vol. 178 (1887), B, pp. 311-441 
Abstract of the above in ‘ Proceedings Boyal Society,’ 1887, vol. xlii. 
pp. 94-108 

‘ Proceedings Boyal Society,’ 1885, vol. xxxviii. pp. 269-315 
„ „ „ 1886, vol. xl. pp. 135-173 

‘ Proceedings Zoological Society,’ 1887, pp. 191-274 
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Short papers or notes (exclusive of those which 
are mere abstracts of the above) : — 

‘ Proceedings Entomological Society,’ London, 1887, pp. 1-li 

» „ 1887, „ lxi~lxii 

M » n „ 1888, p. V 

„ » » » » pp- viii-x 

„ n „ xxvii-xxviii 

„ „ „ „ 1889 „ xxxvii-xl 

* Journal of the Victoria Institute,’ 1888, vol. xxii., ‘ On Mimicry.’ 

It is my pleasant duty to thank many friends for 
their kind assistance. I owe to Professor Meldola 
more than I can possibly express : his writings first 
induced me to enter upon this line of investigation, 
and I have had the benefit of his great experience 
and wise advice during the whole of the time that I 
have been at work. Nearly every subject touched 
upon in this volume has been discussed with him. 

Professor Westwood has always been most kind 
in helping me with the literature of the subject, with 
which he has so intimate an acquaintance, and in 
giving me the free use of the Hope collection at 
Oxford. Professor E. Bay Lankester has read the 
proof-sheets dealing with the classifications of the 
uses of colour, and has offered valuable suggestions. 
Several beautiful examples were suggested to me by 
Professor C. Stewart. Dr. O-iinther, Mr. Boland 
Trimen, Mr. Oldfield Thomas, Mr. B. Bowdler Sharpe, 
Mr. E. E. Beddard, Mr. W. W. Fowler, and Mr. A. 
H. Cocks have been very kind in answering questions 
upon their special subjects. Sir John Conroy has 
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kindly helped roe in explaining the physical questions 
involved in the first chapter. I am especially pleased 
to speak of the help received from my former pupils 
Mr. W. G-arstangand Mr. E. C. L. Perkins, who have 
supplied many valuable instances, which are specified 
in the volume, where other kind assistance is also duly 
acknowledged. 

Although I have ventured to disagree with my 
friend Dr. A. E. Wallace upon the subject of ^ Sexual 
Selection,’ I wish to acknowledge how very much I 
owe to his writings, which I have very frequently 
quoted. I have also made great use of the late 
Thomas Belt’s extremely interesting and suggestive 
‘ Naturalist in Nicaragua.’ 

Among recent papers I wish especially to mention 
that by Gr. W. and E. G. Peckham, of Milwaukee, 
U.S.A. The minute observation of these authors 
upon the courtship of spiders of the family Attid(B is 
a model for investigation in a subject which has never 
before been attacked systematically. 

Above all, I should wish to acknowledge, although 
I can never fully express, the depth of my indebted- 
ness to the principles which first made Biology a 
science, the principles enunciated by Charles Darwin. 
It is common enough nowadays to hear of new 
hypotheses which are believed (by their inventors) to 
explain the fact of evolution. These hypotheses are 
as destructive of one another as they are supposed to 
be of Natural Selection, which remains as the one 
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solid foundation upon which evolution rests. I have 
wished to express this conviction because my name 
has been used as part of the support for an opposite 
opinion, by an anonymous writer in the ^Edinburgh 
Eeview/^ In an article in which unfairness is as 
conspicuous as the prejudice to which it is due, I am 
classed as one of those ‘ industrious young observers ’ 
who * are accumulating facts telling with more or less 
force against pure Darwinism/ ^ On the strength of 
this and other almost equally strange evidence, the 
Eeviewer triumphantly exclaims, ‘ Darwin, the thanes 
fly from thee ! ’ In view of this public mention of my 
name, I may perhaps be excused for making the per- 
sonal statement that any scientific work which I have 
had the opportunity of doing has been inspired by 
one firm purpose — the desire to support, in however 
small a degree, and to illustrate by new examples, 
those great principles which we owe to the life and 
writings of Charles Darwin, and especially the pre- 
eminent principle of Natural Selection. 

E, B. P. 

Oxford : Dec. 28, 1889. 

^ Edmburgh Beview. Article V. April 1888, pp. 407-47. 
p. 443. The bias of the writer appears in a most singular 
manner upon this page. In the short space of seventeen lines the 
following adjectives are divided between five writers and their works : — 
industrious, illustrious, gifted, well-read, acute, intelligent, brilliant, 
thoughtful. I need hardly say that all five writers are believed by 
the Reviewer to oppose the theory of Natural Selection. 
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CHAPTEE I 

THE PHYSICAL CAUSE OF ANIMAL COLOUBS 

Colours due to absorption 

The colours of animals are produced in various ways. 
By far the commonest method is the absorption of 
certain elements of light by means of special sub- 
stances which are called pigments, or colouring matters. 
The colour of each pigment is due to those elements 
of the light which it does not absorb, and which can 
therefore emerge and affect the eye of the spectator. 
Black is, of course, caused by the absorption of all 
the constituents of light, so that nothing reaches the 
eye. The colour of red pigment, like that of red 
glass, depends upon the fact that red is less absorbed 
than any other element of the light which passes 
through. If a sheet of red glass be placed upon 
white paper, the light traverses the glass, is reflected 
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from the surface of the paper, re-traverses the glass, 
and emerges. Similarly, in painting, bright effects 
are produced by covering a surface of Chinese white 
with the desired colour. The light passing twice 
through the thickness of the colour, absorption is 
far more complete than when only one thickness is 
traversed, as in a piece of red glass held up to the 
light. Absorption being more complete, the red colour 
is deeper. Animal pigments are nearly always twice 
traversed by the light, and therefore a very thin layer 
produces a considerable effect. 

Animal colours are therefore generally due to 
precisely the same optical principle which causes the 
colour of a wall-paper, a carpet, or a picture. Certain 
transparent animals are, however, for the most part 
coloured by light which passes but once through them, 
upon the same principle as the colours of a stained- 
glass window. The beautiful transparent blue of 
many pelagic animals, such as the Portuguese Man- 
of-war {Physalia), is caused in this way. 

It would be out of place to discuss the details of 
the causes of colour by absorption. I may, however, 
mention that vibrations of very different rates are 
started in the luminiferous ether by the sun, the 
electric hght, &c. A certain series of these vibrations 
causes the effect of white light when it falls on our 
retina ; but there are vibrations above and below 
this visible series— vibrations which we cannot see. 
We can, however, prove their existence in other ways ; 
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and it is certain that some animals can see vibrations 
which do not affect onr eyes.* The slowest vibrations 
that we can see, produce the effect of red, the most 
rapid the effect of violet, while the intermediate 
vibrations cause the other well-known colours of the 
rainbow or the spectrum, ■. . , C 

The absorption of certain elem^o^^f light there- 
fore means the disappearance of e&^al vibrations 
with a certain speed. It is believ^'*^at these 
vibrations disappear because their motion has been | 

communicated to the particles of the absorbing body. 

It is also believed that these particles are in a state of ^ \ 

constant vibration, and that the vibrations of ether, 
which are timed to those of the body, are used up S/’ i 
in increasing the motion of the latter. ^ ^ 

A white appearance due to light being scatter^ ^ ! 


A white appearance due to light being scatter^ ^ 
The production of white is due to a different 


principle, for we know that when light passes through 
a body without any absorption, the body is trans- 
parent and invisible rather than white. When all 
the light passes through, the body is completely in- 
visible. Whiteness is due to reflection of the whole 
visible series of vibrations, unaccompanied by the 
absorption of a part of them, as in the production of 
colours. But regular reflection, viz. reflection from 

^ Sir John Lubboch, Senses of Ammals, Chapter X. (Inter- 
national Scientific Series). 
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a polished surface like that of a mirror, does not 
cause whiteness : it renders the surface itself invisible, 
but produces images of surrounding objects. A white 
appearance is produced by irregular reflection, which 
causes the light to be scattered or reflected in all 
directions. To produce such a result there must 
be an immense number of surfaces in an immense 
number of different directions. If a coloured sub- 
stance be reduced to powder of various degrees of 
fineness, the colour will diminish in intensity, and 
' the whiteness will increase, according to the fineness 
of the powder ; this is because the number of re- 
flecting surfaces is increased, while the thickness of 
the grains is diminished. This will be clear from the 
following consideration. When a beam of light falls on 
a sheet of glass, a known fraction (about 4 per cent.) 
of the light is reflected back from the first surface : the 
i . w ri'larger portion, however, enters the glass, and, after 
oWudlim I suffering a certain amount of absorption, reaches the 
3- iij|u^u4<second surface and is again partially reflected. If the 
glass be powdered, the number of surfaces will be so im- 
mensely increased that all the light will be reflected 
by a small thickness of the powder. The light 
reflected from the second surface of each grain of 
coloured glass will still be coloured by absorption, but 
not sufficiently to produce any visible results, when 
the thickness of the grain is very small. 

Eeflection is the immediate cause of whiteness, and 
v.| the amount of reflection is due to the difference 
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between the refractiye powers (viz* the power of 
changing the direction of rays of light) possessed by 
the grains of glass and the substance, such as air or 
water, which lies between them. Thus the refractive 
powers of glass and water are much nearer than 
those of glass and air: hence a dry powder will 
reflect far more than a wet one, and will appear 
much whiter. 

To take a few familiar examples : snow is white, 
because of the minute globules of air which refract 
very differently from the crystals between which they 
are entangled ; ice, on the other hand, is transparent. 
If snow be compressed the air is driven out, and the 
mass becomes transparent ; if ice be powdered it be- 
comes white like snow. The froth of a coloured liquid 
is not coloured like the latter, but is white. Milk and 
fat are white because light is scattered from the 
surfaces of the countless oil globules, which refract 
very differently from' the substance which lies between 
them. The surface of well-polished glass is almost 
invisible, because it reflects regularly, but a scratched 
surface is very visible, because there are surfaces in 
many different directions, which therefore scatter the 
light, while the far more numerous surfaces of ^ound 
glass scatter the light far more effectually and produce 
a white appearance. 

The white markings of animals are produced in 
various ways. "White hairs and feathers owe their 
appearance, like snow, to the number of minute 



bubbles of gas whieb are contninr>d in tin ir iiit< r- 
sticoa. Pat is also inade iiHt- of In » %vl)ito 



appearance; uiid tlie Kuinc reaiilt may b*- oltiainx! by 
the prcaenc(i of iniuuU* grnmilfH, pndHtbly abin l>i 
pigment, but differing widely from it in npiis-al pro. 
perties, in that no absorption takes phiee. 

Colours due to thin plates 

It has been stated already that when light traversi s 
a sheet of glass surrounded by air, a ei rtsiin pro- 
portion of it is I’eflccted back at tlio first surfac. .uel 
a certain proportion at tln^ Kwemd surfair. Tli< 
light will bo I’eflccted in the sanii' diriiiion ffom 
both surfaces. It is beliiiveil that the ribrati'-nt of 
other, some of whidi affect ns as liplil, ari in lb» ba in 
of undulations of different li ngtlis ; if, tliM« f.iii>. Un- 
sheet of glass bo sufficiently thin, som*-of rln- nndnin- 
tions reflected from tbc! Si cmid snrfar. will inio b r.- 
with those started from the first siirfart-. '( biti wjll 
happen when the shoot is of such a thi<'!ti!r ti.i !h:i! ip.- 
wave of light refiocted from the wennd •.nrfai < ii. half 
an undulation belilnd that l■»•tie<■tr*d fmm ib,- 
surface; for then the two sets of nndnlali.iOH will b. «n 
opposite directions, and will thercfiire n. ntraiii * h 
other. 

This will be quite clear if we ap|t!y the ‘ni.e 
reasoning to those visible imtlidatioim fo.oi abi. h 
the name itself has been Ixirrowed- .fhc wao « on tb. 
surface of water. If a set of ripples i« slnrf. d b) tb. 
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raotion of an object in still water, and then another 
Set is started from another object moved, so that the 
iripples succeed each other at exactly the same rate 
a,s the preceding set, and if the second set is begun 
when the first has advanced half a complete ripple 
(viz. a movement up and down), it is clear that the 
upward movement of the second will correspond to 
the downward movement of the first and vice versa, 
BO that, if the objects are so placed that the two sets 
of ripples are traversing the same sheet of water, 
they will neutralise and destroy each other. 

If we compare a number of sheets of glass which 
are successively thinner and thinner, interference will 
first occur among the longest undulations of light, 
because half an undulation will of course require a 
greater distance (or thickness) than when the undula- 
tions are shorter. As thinner and thinner sheets are 
examined interference will gradually pass through 
the whole spectrum from red to violet, destroying 
sets of waves with shorter and shorter undulations. 
The colour seen in .each case will be due to the other 
sets of waves which are not destroyed. 

The amount of reflection, and therefore of inter- 
ference and of colour produced, depends upon the 
difference between the refractive power of the thin 
sheet and the substance on each side of it. 

Such interference colours are seen in a soap- 
bubble, and the colours change as the bubble be- 
comes larger and the film thinner : they differ, too. 
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on the various parts of the liiiithk-, !.» riinh»- fi)« ihij}. 

ness also varies. A luiljMc of mi It, 4 ih.iv !«. 

blown thin cnout,'h to proiluce tin- wum- 

are also well soon when a thin inver of air in < iirl.wni 

between two sheets of glitss or f« tww n tie |,]a|, , ,,f 

some crystals, or wlu ii a lirop of oil 

spread out into a thiii tiiiu on the iajrfiee of wat* r. 

When a suhstanee has u lamimitid stnietm, . 

sufficiently thin lihnsareendiwerl lietwi-. i, tin lamin«-. 

very marked eifedH are seen. Tims m. talli,’ 

appearance of tlie lainiiiuted tlaki s \vhi. !i mv furm, ,i 

on the surface of glass which has 1« . n Imij,. 

in tlic earth, is accounted fur. If th«H loilJiam 

flakes are wetted the eolour fiules away. h. 

thin iilms of air hetwetui the latuime are ,1 },y 

water, with a refratdive power imiili la-an r to tlmt «f 

the glass, and the amount of reflect, ,| ljgj,t j,. 

fore diminished. 


Interference colours due to thin tilnmare rerlainlv 
very important among auitiials, hm the estmi m 
which they occur is imiH.rfecfly ktmwn. The i,id,.,o 
cent colours of many beetles- wings „re imdmWv dm 
to tbm films of air included between bivers of n bertiv 
consistence. Buch colours are unaltered i„ dri.d 
specimens. In other cases the chinks b.-tw.-M, tb, 
ayers are kept open by films of less js**. rfullv n • 
fraotxve liquids. When the tissue l«om, s art* He 
films evaporate and the colour disapjs ar..' H. 
must suppose that the den«..r layers emne togdh.i 


TiiK ri#i/*rii^ !i 

iilili!< i%’i!iiii~' ti’iif' »'liitik.^4 ;iii4 lli^ mr; 

fill' }i<‘ iijriirr tirilliiiiil lliiiii I'Vrr, h^rmp^*' 

till.-' ri“fni*'liv»' r f4 i%ir in r%m limii lli;'ii 
tlir 11ir ^ri!l}iuil ii|-*|w-!iriiiirr *.4 

IllSillV « .^jsrriiillv ill |!i«‘ 

iH riiiifiril !iy n Ifir:-':*' iiiiiiil^#-r f4 mC Ij^|iii*i t tu'him-4 
firilVri*ll tllf’ *4 thi* Miilrr If 

|itipfi hr lii'jil ill ^jiiril Ml* %%‘,%U-r flu- v»4nur rriiiniii-’v, 
lilil liirnily it. *lry, il r:%u I'r' 

rriii?tt‘rf| fiiij lif fillet- l*;v 1'lii;:- iia.’iy 

rvi^ii riiiiir in ,’i livini^ iii4iia:ii, f*»r Mr. HJiiirj* p.i<d 

tiirri'lr'*! iny ii!!rii!i.>ii la lai hklur-.iUm* 

liiiitl*' l»y Mr. XirkrrI, wlin I»niii4 ijiiii Ifrilliiiiiti? } 

l?ri4l»' ti iil| iii^slrr ' 

■Jiftr-r liyiiMinitsiii-* ill i^'irsiilsr'^l 

it fifin' 4riii}aii|.! %i%Vri, 

€wlmm im In diffr^rlinii 

W}|*ii a 

uri" li tmtuhrf mI ih«' tn ■■ 

i|t rfi'ij lii.;l|!, ;i|i]w';ir ; r^4*.^’4il'r4, ih*-' 4r % aii.-; 

%\hhli i-4i hv»7i'kr4'^ ai,4 

I'litllllli' iilifli II! |! $4 nrru. Till--- 1^ '4 m* 

ii^/lif r» fin I* *1 fi4iiii *4 l|i* 

lliailll-! 4ifi* 1 1 lit 4nHll|f|rr H4*j ItilVrl |*.«tfofr fr4|.r}tii:||.? |||*-- 
«)}#^rri»i ; isifti ^luri iuh mfirii ijir. mtr 

i«iy tym n* ii.ill 

a rf#iiij4» t* ii?i4iiiatt«iii f«r iiiiy jiurliciiiiir »4 

riliriili<*ii, iiil» rf* ri'iin-r m mnmd, mn4 llif^' 
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of that particular rntc is wantiiija: from sin- r. sl« «'!. 4 
light, 'which therefore uppeiirs eolourrfl. 

Opinions differ as to the relativi- iiop'-i f.ue', ,.f 
H.TiiTnfl,1 colours duo to thin idates ntui O* liih'r;!* •'a..n. 
Many which were believed to resulf freio tlo- r 
are in all probability due to the forni* r. 'rie irid. n. 
cent colours on the inner surface of netuy f.b<]i*4 
(mother-of-pearl) are at any rule parlially runn. <1 by 
diffraction, for an aceurah* cast of the hnrfsvei • tidbits 
traces of the colours.’ The shell i;', !»■.**< u r. a 
laminated structure, and tlie coloiirs nu»y 
in part bo caiased by thin plates. 

Colours due to refiraction tprisaatic cclowrii 

When light passes througli a weiby-hhupi 4 irfiii?*- 
parent substance (or prism) witli fjrcufi r 
power than the surrounding medium, it iw b* rd in th<- 
same direction at both Hurfiiees, but its diffiT* nt iv.n. 
stituents are lamt uiusiually. Tbe shnv>-«t \il.riiti«»JS!s 
(red) are bent least, the niosl rapid Cvioli ti nwed ; and 
when the substanctj possesseH a sulhci« ntiy Ididi n . 
tractive power, all the colours of wbit« light nr. »Mn 
arranged like tki rays of a fiut in the ord« r of t!i. »r 
rates of vibration. Prismatic colours like thow of ih* 
diamond are duo to refraction, 

' ProtessorC. Stewart informsm«th«t lie » 

original experiment, upon whieh tlm allow Htatetw n! wU 11. 
found that tho colour was due to a thin laji-r of »}»4I h im4 u -4 o 
stripped off and adhered to the satfacif of Ihe wb«. 
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It is doubtful how far the colours of animals are 
caused by this principle ; but Dr. Gadow has given 
strong reasons for supposing that the metallic 
colours of birds’ feathers are produced in this way,^ 
and there are scales on the wings-cases of certain 
beetles (Pachyrhynchus) which also may owe their 
colours to refraction. 

All these causes of animal colours may be conve- 
niently grouped under two heads — (1) pigmentary, and 
(2) stmctural. The first head includes colours caused 
by absorption, and the effects produced vary with the 
chemical nature of the substance (pigment). The 
second head includes the colours or appearances pro- 
duced in all other ways, the efficient cause being the 
structure of the substance rather than its chemical 
nature. 

’ Proo Zool. Soc. 1882, pp. 409 et seq. 
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CIIAPTBIl n 

Tim VHKS OF aOLOVH 

I. Hoa-signifleaBt colonrt 

CoLouB, as such, is not netrcHsnrily of any to iin 
organism. Organic HubslaiwoH fmiuintiy n 

chemical and phyaical structurj' wlik-h i iihs^i w •'« rlnin 
light-waves to l>e ahsork'd ; or tht; i Jonii iits of li». 
sues may be so arranged that light i« spatti-rwl, «»r 
interference colours arts produced. TInw bl*i*itl 
red, fat is white, and the esternni HUrfan- of tin* air- 
bladder in certain fishes has a meliillit’ hwtrc, 
silver. In such cases there is no Tmmm why we »h«»Hld 
inquire as to the use or meaning of the colour in th** 
animal economy; the colour, as such, h«« no wor** 
meaning than it has In a crystal of sulphati' of ropp* r 
or iron. Such colours are the imdilintal n suits of 
chemical or physical structure, which i* ^ahialdc to 
the organism on its own account. This argnnu nl 
will be still further enforced if wo remcmlsir that tin* 
colours in question are, strictly speaking, inti rt»|onr»* 
at all. Blood and fat aro so constiluti d that th» y 
will be red and white, respectively, in the priau iicc of 
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light, but they cannot be said to possess these colours 
in their normal position, buried beneath the opaque 
surface of an animal. 

The existence of non- significant colours is, never- 
theless, most important, for they form the material 
out of which natural or sexual selection can create 
significant colours. Thus, the colour of blood maybe 
made use of for ^ complexion,’ while fat may be em- 
ployed to produce white markings, as in certain insect 
larvae. The yellow, brown, and red fatty matters of 
the connective tissue are accumulated beneath the 
skin in patches, so as to produce patterns. 

All colour originally non-significant 

All animal colour must have been originally non- 
significant, for although selective agencies have found 
manifold uses for colour, this fact can never have 
accounted for its first appearance. It has, however, 
been shown that this first appearance presents no 
difficulty, for colour is always liable to occur as an 
incidental result. This is even true of the various 
substances which seem to be specially set apart for the 
production of colour in animals ; for pigments occur 
abundantly in the internal organs and tissues of many 
forms. The brilliant colours of some of the lower 
organisms are probably also non-significant. In all 
higher animals, however, the colours on the surface 
of the body have been significant for a vast period of 
time, so that their amount, their arrangement in 
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patterns, their varying tints, and their relation to the 
different parts of the body, have all been determined 
by natural selection through innumerable generations. 
Because the origin of all pigments is to be found in 
the incidental result of the chemical and physical 
nature of organic compounds, it by no means follows 
that incidental or non-significant colours would have 
appeared at all on the surface of most animals. 
And we fi.nd as a matter of fact that such colours 
tend to disappear altogether, directly they cease to be 
useful, as in cave-dwelling animals. On the other 
hand, the non -significant colour of blood or of fat 
would persist undimiuished in such forms. 


iJolours may be destroyed by natural selection 

Just as natural selection may develop an appear- 
ance which harmonises with the surroundings, out of 
the material provided by non-significant colour, the 
same agency may lead to the disappearance of the 
latter when it impedes the success of an animal in the 
struggle for existence. Thus the red colour of blood 
has disappeared in certain transparent fishes, which 
are thereby concealed from their enemies. Among the 
manifold possible variations of nature is that of a 
fish with colourless blood, which can, nevertheless, 
efficiently perform all the duties of this fluid. While 
such a variation would be no advantage to the great 
majority of vertebrates, it would be very beneficial to 
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Qj fish which was already difficult to detect oa the 
surface of the ocean on account ofits transparency. 

II. Significant colours 

Colours may be useful in many ways, and are there- 
fore always liable to be turned to account in one direc- 
tion 01 another. They naay he of direct physiological 
value to the organism, or may assist in the struggle 
for existence hy deluding other species, or by aiding 
the individuals of the same species, or they may be 
intimately connected with courtship. 

1. The Direct Physiological Talue of colour 

The colour of chlorophyll, which causes the green 
appearance of vegetation, must he intimately con- 
nected with the important changes which take place 
in this substance in the presence of light. It is well 
known that under these circumstances carbon dioxide 
(popularly called ^ carbonic acid ') can be split up, 
and its carbon made to unite with the elements of 
water, forming organic substance. Although this 
process has been much studied it is still very imper- 
fectly understood. It is clear, however, that, the 
colour of chlorophyll, involving the special absorp- 
tion of certain light-waves, has some direct bearing 
upon the changes which occur. 

No equally clear instance has been proved to occur 
in the animal kingdom, except in those few forms 
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which resemble plants in poaseHsiiig rhloiojthyll, l»r. 
Hickson, however, believes that aaiotig t-nrals ‘tlx muM 
widely distributed colours will eventually be pruvrfl tu 
be allied to chlorophyll . . . and |«'rfijr»i i» very nimi- 
lar if not precisely identical physirdogitid fuiietiyii.' 
It is much to bo desired that tliis inter* fiting HUgg<-«- 
tion, which Dr. Hickson HUpi«irtH by niany argiini* nit*, 
may be thoroughly tested as «<«»n as pussibb ,’ 

In the very common aHsoeiiitbn «»f ri*l««N il mjIi. 
stances with tho important fiinctinn of r* «piriiti«*n, it 
is clear that the colour is not riior*' than in*-iii« ntiil ; 
while the fish with transparent bloml shoHs tlmt 
colour is not mdisj[>cn8able for thediit' jsrfornmtue lif 
the function. Pigment is, however, of dir* et inijsirl. 
ance for vision : it is always present in the eyes itf 
animals, except in the case of albinos, and it is wiiil 
that even they possess tho essential visual pignu iit 
associated with the termination of the optic n«'rv«« 
(retinal purple). 

The difference between the physiological im jwjirtane*? 
of colour in animals and plants is well shown l.y th.* 
fact that a true albino variety (not merely a vari* > 
gated example) of a green plant could not Hv*- for any 
length of time. 

There are, however, certain cases among nniiniiis 
in which it is extremtdy probable that colour is «*f 
direct physiological value. It is well known lli»t 
dark cotours readily absorb radiant heat, whiln light 
' A rntmOkl ht tTortk Otkiut (HMma, KWi). pft f f,| 
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ill ii il^.riifiiiil ntfiilili«*ii , t«cti m0m mmm 
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called ‘warm-blooded,’ but are now more correctly 
termed ‘ homotbermic,’ because it is the constancy of 
the temperature which is so important, and which 
must be maintained whether the surrounding medium 
be colder or warmer than themselves. Other animals 
with an inconstant temperature are now correctly 
called ‘ poMlothermic ’ rather than ‘ cold-blooded.’ 

Lord Walsingham’s conclusions appear to be sup- 
ported by the fact that young dark-coloured cater- 
pillars, like those of the Emperor Moth (Saturnia 
ca/tpini), or Tortoiseshell Butterfly (Fa/nessa urticce), 
seek the light side of a glass cylinder, and always 
change their position when the cylinder is turned 
round. The question needs further investigation, 
and much might be learnt by interposing various 
screens between such larvae and the light, thus cutting 
off different sets of light-waves. 

The most important support to the hypothesis is 
found in an experiment made by Lord Walsingham, 
in which several Lepidpptera of different colours were 
placed on a surface of snow exposed to bright sun- 
shine ; in half an hour the snow beneath the darker 
insects showed distinct signs of melting, but no effects 
were seen beneath the others. The differences were 
further brought out in the course of two hours, when 
the darkest insect of the lot, a black Geometer, the 
Chimney-Sweeper (Odezia chmrophyUata), ‘had de- 
cidedly won the downward race among them.’ 

It is therefore certain that the absorption of 


THE trSES OE COLOUR 


19 


radiant heat is favoured by the dark colours of 
northern insects, and it is in every -way probable that 
they are benefited by the warmth received in this way. 
We cannot, however, as yet assert that such dark 
colours are not also advantageous for concealment or 
some other purpose. 

The white appearance of Arctic birds and mam- 
mals must be advantageous for concealment in a region 
so largely covered with snow, but it is very probable 
that advantage is also secured by checking the loss of 
heat through radiation. 

Thus Lord Walsingham’s experiments and con- 
clusions seem to prove that colours are sometimes 
pt direct physiological value to animals, although a 
great deal more work must be done before we can 
safely estimate the proportion which this advantage 
bears to others also conferred by the same colours 
(see also pages 92-104). 

2. Protective and Aggressive Eesemblance 

By far the most widespread use of colour is to 
assist an animal in escaping from its enemies or in 
capturing its prey ; the former is Protective, the latter 
Aggressive. It is probable that these were the first uses 
to which non-significant colours were put. The re- 
semblances are of various kinds ; the commonest cases 
are those of simple concealment. The anhnal passes 
undetected by resembling some common object which 
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TIIK COLOIIUS OF AfSIMAIX 
is of no interest to its cncmii-s t*r !>ri-.v i* !y, 

or by harmonising with tin- gWH-ml . ff. H ..f it« hui- 

roundings; the former is .S'pmVi/, tlui IhUi r U^mr.il 
BemnlUnce,mi). l,otli may l«i /'r-rf. rfu. „r 
Among the most interesting Sim ial . lUit. m- 

hlanceg are the cases of Allurhuj ('tiUmrimu in tin- 

animal, or some part of it, rescmb!«*H an wbn li 

Jo oft.vopf.ivA to its nrev. 


3. Protective and Ai^estive Mimicry 

Mimicry is in reality a very importnnt i nf 
Special Bcscmllancc. The animal gaitw mlvantaKe by 
a superficial rcsenildiuici* to Hfniie olli«-r, ainl geiiemlly, 
very different, species which is well known and (In adt-fl 
because of some unpleasant (piftlity, such iisa sling «*r 
an offensive taste or smell, or it may even Iw’ pro* 
tected from the animal it rescinables : this is jnv 
> Mimicry. When,however, the animal |•tmembie» another 
80 as to be able to injure the lattitr or some ollmr foriii 
which accompanies it or is not afraiil of it, tin- Miminy 
is Aggrmwe. Although, strictly sja-aking, Mmu$y 
should fall under the last heading, it is «o imjsirlaiil 
and so different from the other cjtiiinjih s of Sjn > ial 
Begemhlancc that it is more convenient to eiomidi f it 
separately. In the complete classificatiitn at tie « ml of 
the book it will be shown in its true jKwithtto 
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4. Varning colours 

When an animal possesses an unpleasant attribute, 
it is often to its advantage to adrertise the fact as 
publicly as possible. In this way it escapes a great 
deal of experimental ^ tasting/ The conspicuous 
patterns and strongly contrasted colours which serve 
as the signal of danger or inedibility are known as 
WarniTig Colours. In other cases such colours or 
markings enable individuals of the same species easily 
to follow those in front to a place of safety^ or assist 
them in keeping together when safety depends upon 
numbers. 

It is these Warning Oolovrs which are nearly 
always the objects of Protective Mimicry^ and it will 
therefore be convenient to describe the former before 
the latter. 


5. Colours produced by Courtship 

Finally, in the highest animals, the vertebrata and 

many of the most specialised invertebrate groups, we 

have some evidence for the existence of an sesthetic 

sense. Darwin believed that this sense was brought 

into play in courtship, and that colours and patterns 

have been gradually modified by the preference of the 

females for the most beautiful males : he believed that 
* ^ 

suel Sexml Selection aecouii'ts foi maay of the most 
heautifol features possessed hy animals, "viz. those 
which are especially displayed during courtship. 
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Although this hypothesis has been rejected by A. E. 
Wallace, I shall endeavour to support it by some 
striking observations of recent date, and by as far as 
possible answering the objections which have been 
raised, and the hypotheses which have been believed 
to account for the same facts. 

Display in courtship is probably the most recently 
developed of all the various uses of colour among 
animals, and as such, its consideration is best deferred 
until all the others have been described. 

It must not be supposed that the colours of each 
animal will be found to possess but a single use. 
Thus Protective Eesemhlances are often supplemented 
by Wmning Colours or attitudes, which give the 
animal an extra chance of escape after its first line of 
defence has been broken through. It is also the 
general rule for the colours displayed in courtship to 
be hidden beneath protective tints when the animal 
is at rest. 

The colours of animals may be recapitulated as 
follows : 

I. NoN-SIONIPIdANT CoLOUES. 

II. Significant Coloues. 

1. Colours of Direct Physiological Value. 

2. Protective and Aggressive Besemhlance. 

3. Protective and Aggressive Mimicry. 

A. Warning Colours. 

S. Colows disjglayed in Courtship. 
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mOTEGTIVE BESKMIlLAm'im IN LKini>tH‘tHtiA 


The first and most imixirtiuit tiw ff w to 

enable an animal to eonwa! iti-elf frotn its i-mnsb n 
or to approach its prey iinHfOJj.' 


Those results may be achieved in <»««* of two ways : 
either the animal may more or lens i xiictiy r» xetiilile 
some object which is of no interest to its enrniii s, or 
it may harmonise with Unt getiera! artistic etfcet of 
its surroundings, so that it does n(tt attract attention. 
We noay therefore distinguish Spemtl limrmMumv, in 
which the appearance of a partieukr tdyect is copied 
in shape and outline as well as in colour, and thnrml 
Besmhlance, in which the general effeets of surround- 
ing colours are reproduced. 

In the latter case it is often dillkwU to kliove, 


' This was thoroughly approeiaU^ by Eramns Pafwin, wim 
says : ' The colours of many animals sesni adapted lo tii«ir {miimim* 
ol concealing themselves, either to avoid daiii^r or to rpri^ upon 
their ^tej.’—Zoonmia, 1794, voL i. p. S#. 
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2(5 TIIK fol.ol’KS "I AXIMU.H 

We nhall Hw that it in for »» i» . < I !<. l.« 

protected by Ki>eeiiil Ib wiul'bim** mo* Isn.. «4 itn 
life, and by (!ein*ral Ib w uibbuK'e ;»f j, ..j ii<< 

bo concealed at dilTei'eiil j*i riod* «4 itn lili I s «h(!. i* j,! 
kinds of Bpecial or (liiiemi Uj h itibiioe • j * .j . » s* s . h . 

Each of thcHt* forms of IS» f« nild tjo < loa v I * 
Pratiiftm; or A;f;irrmrf necording a* lh« \ iu* 
use of to defend from altark or to jiht*}»i lo • .ipioi'* . 
Wo shall also aec that I'roteiivi' and » •»** lb 
somblanees may lai either ikawtunt or ; in 

the latter case, Uie apjamraiiee is riipnld*- of adjust* 
merit in order to corresjKinil with elianrti H in lli» i n- 
vironmeut. Tins, the highest form of 15* wHinWaiiw, 
will be deferred until the exiiiiiples of tin idhor form 
have been considered. 


The Itarrse of Oeomotrie m examples of Special 
ProtMtice Beeembiascc 

There is no Iretter instance of lal riiv«< 
Resemblanco than that nffortlisl by th*! birije of 
Oeometm, ‘stick caterptiiars ' nr • r«»,' a* lin y 

are often ca,!ted. Tbeae cati'rpillarH nre < ly 
common, and betwtten two and ihn^^ hiindi * d •*)« en a 
are found in tins country ; hut tb«i great majority are 
rarely seen because of their [arfecl resr-mblance to 
the twigs of the plants iijhmj which Uiey f* *«*!. Un y 
possess only two pairs of clMjiers, or lug* wbi.-h »ii.> 
peculiar to the caterpillar stage, while in m ail.v all 


PROTECTIVE BESEMBLANOES IN LEPIDOPTEBA 27 

other caterpillars there are five pairs. These claspers 
are placed at the hind end of the body, which is 
long, thin, and cylindrical, and stands out like a 
side twig at an acute angle with the stem to which 
the claspers are tightly fixed. The body also often 
possesses little humps which resemble buds or irregu- 
larities of the bark. The caterpillar sits motionless 



PiGi-. l.—The larva of Swallow-tail Moth. PxG. 2.— Twig of currant ; the general 
{Our apteryx sarr^maiia ) ; last stage ; appearance much like that of fig. 1. 

natural size. 

for hours together, and the only alteration of the 
attitude is brought about by feeding, which generally 
takes place in the evening or at night. The general 
appearance of one of these larvae and its resemblance 
to a twig is shown in figs. 1 and 2, for which I am 
indebted to the kindness of Mr. Alfred Sich. 

The strain on the body during these long periods 
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of abaoluto stillnt'SH would !« fstr i-mi rr* *t i** h 
bomo did not the cnterjullar fijiiii u iJm nd *.f ..iiJ. 
which is attached at om- end to th» ht« nj, hIuI, th^ 
other end remainH fixed t« tin* head <*f tie aiamal 
How great the strain would be withoiil fswh n 
may bo well understood l»y iiiiy «iio wle* Ioin tin 4 |i 
hold out the arm Htraiglit at right augb >« to ih< 
for five minutes. There is e<ttj«id< rabb* h u d«*ii «j«<i 

r the thread of silk, m thiiS, if it l« 
cut, tin; larva fulls bink with » jerk, 
making a more obtuse angb- with 
the stem ; stid it tin u fri« s to remain 
rigid in the now j*»sitioti : this i * im- 
}»08sibii! la»auMi of tln< strntii. and 
after iigniu falling hnekwarsls «in or 
twiws, and niakiug om* or two more 
attcmjits to keeji firm and motionlf *.#, 
it is oldiged to give uji the twig hkn 
IKmitiou while it fixes a to w (oii*. 

Fici. 3.-«Tte tmm ttf » » ! 

e.Bn«f»i Mwh r4«i. iwrlmg thread, hi sotm* the 

phidmii mwlaHm } ; 
tait tta; 

ite«. 

pairs of tru« 
perfect insec 

These pairs of legs arc plorad om* on »*ach of the 
body-rinp behind the head. 

It is very mterestiag to iioliw how the head ,4 
these caterpillars is nwdifital from iho tiaual shaja 
into one which suggwts the end of a twig. It i# very 
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rritriiir ''I* !«.# lit*' I** 4<-» j4y ii»:'*l*'''ti«-«l,, I lilt# 

li«iii|v# mliirli iiiti^r. a iiiitiir«l i ii4 

!«i* lli* l«'i|4. III tls«'' rif|«'r|*iHiir #4 lli«' ^llllll! 

4l|/tailA^a f^vwiwrwj iir#^ t«« 

ii44ili^?i4al llir «riiig Hfr#illir»rii%l iM’liiiiil 

flic lii jpJ, ttii4 ill*- liiiirf ii# kail fm'mmAm iiii4 

#41 iliiii ilir^ I ml *4 III** rali-rjiillaf i.^ iiinili* il|i f*l f*.tiir 

till" lllfitt »f nil |||« rruwatl- 

liillll*^^ l« itir laiil Ilf it I win, 

III llip lafta. *if III*?' Kiiiiy Tlitirii 
M«tli MlimmtrM} ltli‘ lirfi4 

iitwl firf*l t%iii tmni 

liii.rl«iir«lii ftl riglil l« lli«^ rr»l 

t4 lliit Iwmiy. TIm;* mtpimwlmp^ Itirf'inl 

rif #ill y4mtm% tli«" lliiril iiiiir 

f4 Irii*^ mfiirli tir#” h$riw^ t*v ii 
liigli rWgr |irajr«^liiiM tr*mt iti** imay. 
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continuous mtli it (see fig.. 7, page 31). Between the 
two pairs there is necessarily a furrow, where the body 
of the larTa lies along the cylindrical branch. This 
furrow, which, if apparent, would greatly interfere with 
the resemblance, is rendered inconspicuous in the fol- 
lowing manner. The under side of the caterpillar is 
somewhat flattened, so that it is in contact with a 
small part of the circumference of the branch, and 
the furrow on each side is partially filled up, at any 



(b) {c) 


Pig. 6. 

rate in certain species, by a number of fleshy tubercles. 
The shadow which would betray the furrow is also 
neutralised by the light colour of the tubercles. The 
effect will be clear on comparing a, h, and c in fig. 5 : 
a is a section of a branch just below the point where 
a lateral twig comes off ; & a diagrammatic section of 
a branch and the caterpillar’s body ; c the same with 
the addition of the tubercles, which render the outline 
more like that of a. 

I will illustrate the extraordinary degree of resem- 
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deeper layers beneath are brown or green, or mixed 
brown and green ; these tints become visible over a 
large part of the surface, owing to the breaking 
away of the thin layer. Hence the colour of the 
branches is brown or green, mottled with grey, and 
not only are these the exact tints of the larva, 
but the way in which the colours are blended is 
precisely similar in the animal and the plant. The 
marvellous fidelity with which the details are thus 
reproduced, probably implies that the relation between 
the larva and this species of food-plant is extremely 
ancient. It will be shown below that this caterpillar 
can also adjust its colour to that of its individual 
surroundings, so that it would become greenish if it 
passed its life among young green shoots, and brown 
if it lived upon the older twigs. It is altogether one 
of the most perfectly concealed forms in existence. 

When, however, such ‘ stick caterpillars ’ are 
young, they do not sit upon the branches, but upon 
the leaves of their food-plant, and the twig-like 
attitude would then be inappropriate, for we do not 
see twigs projecting from leaves. In some cases the 
caterpillars are green (e.g. Ephyra omicroncma) , and 
so possess a general harmony with the colour of the 
surface behind them; but in other cases they are 
brown, and then the attitude is often modified into 
a different form of Special Eesemblance. The 
caterpillar twists itself into a very irregular spiral 
(e.g. Ephyra penduhna, <fec.), or into an exceedingly 


PEOTECTIVE BESEMBLAISTCES IN LEPIDOPTEEA 33 


angular zigzag (e,g. Selenia illunaria; see fig. 8), thus 
resembling a dead and crumpled piece of leaf, or the 
spiral leaf-case made by other insects, or the excre- 
ment of birds or snails. The caterpillar of Selenia 
illunarm has a very similar structure and colouring 
at the times when it resembles such very different 
objects as a twig and the excrement of a bird, the 
whole difference being made by a modification of atti- 
tude alone (compare figs. 4 and 8). I have seen the 
larva of the Brimstone Moth twisted into a spiral, 
resting motionless close to the 
notch which it had eaten out of 
a leaf ; in this position it forcibly 
suggested the appearance of a 

small pie^ ieaf which had ^ 

been accidentally torn, and had 

turned brown and curled up, remaining attached to 

the uninjured part of the leaf by one end. 

We may well suppose that the acquisition of a 
form and attitude which lend themselves so readily to 
the purposes of concealment, was very advantageous 
to the ancestral Geometrce, and enabled them to spread 
over the vegetable world, dividing into an immense 
number of species, and ousting many larvas with less 
perfect methods of concealment. In their widening 
range certain Geometrce have thus come to feed upon 
low-growing plants which are altogether without twigs 
or branches. The attitude is then modified, and sug- 
gests some object which might be expected to occur 

D 
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upon the plant. Thus the caterpillar of the 8tra\v 
Belle (Aspilates gilvaria), feeding upon such plants as 
yarrow and plantain, coils up the anterior part of its 
body into a flat spiral, with the head in tho centre. 
Hence the attitude and the whitish colour of tho larva 
produce a very considerable resemblance to a small 
bleached and empty snail-slicll, which 
would be of no interest to any insect- 
eater. If the colour > of tho caterpillar 
were darker it might bo mistaken for 
a living snail, and it is doubtful liow far 
such a resemblance would bo to its ad- 
vantage, in tho case of birds. 

Another larva, that of tho Largo 
Emerald Moth {Geonutm papilUnmrin), 
feeding upon catkin-bearing trees, birch 
and nut, resembles the catkins rather 
than the twigs (see lig. 0), It is short 
and stout, and the manner in whicli tho 
body-rings succeed each other forcibly 
suggests the overlapping scales of a cat- 
kin. Some of tho larvm are green ami 
some brown, like catkins of different colours. 



Protective Resemblance to baxk and ia 
lepidoptera 

Certain caterpillars belon^ng to other groups aro 
concealed by their resemblance to the bark of tolerably 
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invisible. The moth is' also similarly concealed, and 
rests on tree-tnmks. 


A caterpillar wHch makes its surroxmdings 
resemble Itself 

In all the examples hitherto described, and count- 
less others, the insect is defended by resembling its 
surroundings ; the very interesting caterpillar of 

a South American 
butterfly {Anaea 

sp. ?), described by 
Wilhelm Muller, 

acts differently and 
makes its surround- 
ings resemble itself. 
It gnaws the leaf in 
such a manner as to 
leave a number of 
rough models of it- 
self attached to the 
mid-rib, and then sits down beside them. The cater- 
pillar is green above and dark beneath, although 
the former colour interrupts the latter at certain 
points and comes into contact with the mid-rib on 
which the insect is resting. The dark colour is not 
distinguishable from the deep shadow behind the 
leaf, and therefore the appearance is that of an 
elongated patch of green connected with the mid- 



Fia. lO.—The larva of Anaea sp. ? on the mid-rilb 
of a leaf on whicli are many pieces of leaf of 
the general appearance of the larva; third 
stage ; natural size ; after WUhelm MUller. 
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rib by two narrow stalks. The larva, in eating, 
leaves several pieces of leaf attached to .the mid-rib by 
one or two stalks, which, therefore, present a very 
similar appearance to that of the larva itself. The 
concealment which is thus effected is sufficiently 
indicated in fig. 10. 

An appearance of leaf-like flatness conveyed by 
arrangement of colour 

Another very interesting example, in which the 
effect of shadow is gained by arrangement of colour, 
is afforded by the chrysalis of the Purple Emperor 
Butterfly {Apatv/ra iris). The large green pupa re- 
sembles a leaf in the most perfect manner, mid-rib 
and oblique veining being represented. I showed a 
small twig of sallow, to which a pupa was suspended, 
to several friends, but it was almost invariably over- 
looked ; even when it was pointed out, the observer 
frequently failed to see any difference between it and 
a sallow leaf. The most extraordinary thing about 
this resemblance is the impression of leaf-like flatness 
conveyed by a chrysalis, which is in reality very far 
from flat.' In its thickest part the pupa is 8*5 mm. 
across, and it is in all parts very many times thicker 
than a leaf. The dorsal side of the pupa forms a 
very thin sharp ridge for part of its length, but the 
slope is much more pronounced in other parts and 
along the whole ventral side. But exactly in these 
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places, where the obvious thickness would destroy the 
resemblance to a leaf, the whole effect of the round- 
ness is neutralised by increased lightness, so disposed 
as just to compensate for the shadow by which alone 
we judge of the roundness of small objects. The 
degree of whiteness is produced by the relative abun- 
dance of white dots and a fine white marbling of the 
surface, which is everywhere present mingled with the 
green. The effect is, in fact, produced by a process 
exactly analogous to stippling. The degree of lightness 
produced in this way exactly corresponds to the angle 
of the slope, which, of course, determines the depth 
of the shadow. By this beautiful and simple method 
the pupa appears to be as flat as a leaf which is only 
a small fraction of 1 mm. in thickness. 

Although the effect which I have just described 
could not have been surpassed by the efforts of an 
artist, it is precisely the result which can be most 
readily explained by the unaided operation of natural 
I selection. The minute white markings are present 
over the whole surface, and their number and size 
* must be subject to continual variation ,* in fact, it is 
\ quite certain that no two individuals are alike in these 
; respects. The increased protection afforded by their 
more appropriate distribution in certain individuals 
would clearly lead to the survival of the latter, while 
the same process continued in each generation would 
lead to the elaborate and beautiful form of adaptation 
which is now witnessed in this species. 
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An analogous effect is produced by the larva of a 
Saw-fly (a plant-eating Hymenopterous insect), which 
rests stretched along the edge of a leaf. In this posi- 
tion the larva (Nematus cmtispina) would be detected 
if it covered the notched edge of the leaf ; it has, how- | 
ever, the habit of resting along the curved edge of the 1 
gap made by its own exertions. From the side its * 
green ground colour is alone apparent, and it is very 
difficult to detect. When, however, the leaf is looked 
at edgeways, it would seem that the larva must be con- 
spicuous, because its thickness is much greater than 
that of a leaf. From this point of view the back of 
the larva is, of course, seen; along 
the middle line the tubular heart is 
more distinct than usual because of ria- larva ot 

Nematiis curtispina ; 

the transparent skin. The green mi^st stage; natural 
blood within makes the heart appear 
as a fine dark line agaiast a white border on each 
side, which is entirely due to an accumulation of fat 
beneath the skin. The white band with the fine dark 
line down its middle produces the effect of the edge of 
the leaf, while the rest of the body on each side is 
green, shaded with dark pigment so as to appear much 
flatter than it really is. The appearance of the larva 
is shown in fig. 11. 

The case is also of special interest, because the 
colouring is chiefly derived from internal tissues or 
organs showing through a transparent skin. The 
ground colour is due to the green fluids of the body 
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and the green contents of the alimentary canal. The 
dark shading is the only part of the appearance caused 
in the usual way by superficially placed pigment. 
Nearly all the colours of this animal are non- 
significant in many other insects. 


Eeply to objection that methods of concealment 
would certainly be detected 

It has been sometimes objected that these methods 
of concealment cannot be intended as a means of 
defence, because insect-eating animals would be 
sharp-sighted enough to penetrate the disguise. Of 
course, the progressive improvement in the means 
of concealment has been attended by a corresponding 
increase in the keenness of foes, so that no species 
can wholly escape. But so long as a well-concealed 
form remains motionless, it is easy to prove by 
experiment that enemies are often unable to recog- 
nise it. Thus I have found that the insect-eating, 
wood-haunting Green Lizard {Lacerta viridis) will 
generally fail to detect a ‘ stick caterpillar ' in its 
position of rest, although it is seized and greedily 
devoured directly it moves. The marvellous resem- 
blance of Cleora lichenaria (see p. 36) even deceived 
one of these lizards after the larva had moved more 
than once. The instant the caterpillar became rigid 
the lizard appeared puzzled, and seemed unable to 
realise that the apparent piece of lichen was good to 
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Geaeral Protective Resemblance and change* of colour 
corresponding to changes in the tuiroundiisg* 

All the examplee hitherto descrilM-d ilUwtnitf HjUTiii! 
Protective Eoaemblance. A good instnneo of (lojifnil 
Eesemblanco is affoi’dud by the large and coniinon 
caterpillar of the Privet Hawk Motli {Sphinj- Htjimlri). 
Although the caterpillar looks ho cojiHpicunuH, it 
harmonises very well with its food-plant, and is Momr- 
times difficult to find. The purple stripes increase 
the protection by breaking up the large green surface, 
of the caterpillar into smaller areas. This cater- 
pillar also affords a good example of a rapid change of 
colour corresponding to a change of environment. 
When full grown it descends to the ground and 
hurries about in search of a spot to bury in, and, 
being very large and bright green, it would lat ex- 
ceedingly conspicuous against the brown earth if it 
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PBOTECTIVE ItliSEMBLANCES IN LHPnHit'TKHA 
{continued), DIMOlWlllEM, ETC. 
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dark brown, so that the caterpillar harmonises well 
with the colour of its new surroundings. The sig- 
nificance of this change was first pointed out by 
Professor Meldola. Other nearly allied caterpillars 
feeding upon trees, such as willow or poplar, which 
grow in damp situations where the ground is covered 
with green •vegetation, do not turn brown to anything 
like the same extent. 

A very interesting instance of exactly the opposite 
change at a corresponding period is afforded by the 
caterpillar of the August Thorn Moth {Emomos mgu- 
Iwria)^ a brown ^ stick caterpillar,’ protected by a very 
perfect Special Eesemblanee to the dark twigs of the 
elm on which it feeds. When full-fed it constructs a 
very loose cocoon of elm leaves, so loose and open that 
it is easily seen within, and its brown body would be 
conspicuous against the background of green leaves. 
But at the same time the dark brown colour of its 
surface entirely disappears, and the animal is tinted 
by its green blood, which is seen through the trans- 
parent skin; it is thus well concealed by Oeneral 
Eesemblanee to its new surroundings. 

Another exceedingly interesting case of the same 
kind of change is witnessed in the caterpillar of the 
Miller Moth (Acronycta le^orincu), which sits motionless 
on the under side of the leaves of the birch and alder, 
and is covered with very long beautiful hair which is 
brilliantly white, and bends over on aU sides so as to 
touch the leaf, forming a wide margin round the 


ri 

turning to a chrysalis. This perfect Hpticuil Ih-m ni- 
blance is kept up until the caterpillar is 
when it wanders over the bark and finally burrows 
in it. But a cocoon is a motionlces object, ajid 
the resemblance, if continued, would 1«; fatal, for it 
would attract attention. But as soon as the larva 
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is mature, the hairs become black and the body of a 
much darker tint, and the animal is then well pro- 
tected hy G-eneral Eesemblance to the dark surface 
over 'which it moves (see fig. 18). 

Although the bark of large birch trees is chiefly 
white, the caterpillar is, upon the whole, better con- 
cealed by becoming dark-coloured. It lives on small 
birches and alders with dark bark, as well as on 
large birches, and in the latter case it probably 
wanders among the wide dark chinks rather than 
over the smooth wide expanses, for it would certainly 
burrow in the former rather than the latter. 

Just before pupation the colours of caterpillars 
nearly always become dull, and it is in every way 
probable that such incidental changes have been 
seized upon by natural selection, and have been ren- 
dered advantageous to tbe species. Such alterations 
of colour are entirely different from those which will 
be described below, in which an animal can modify its 
appearance into correspondence with its individual 
surroundings. The larva of the Privet Hawk Moth 
almost invariably wanders over the earth when it 
has come down from its food-plant ; but if it were to 
descend upon turf, the brown colour would still be 
assumed, although green would conceal it more effec- 
tually. The chamge to brown is, however, far safer 
for the average caterpillar, and is beneficial to tbe 
species on the whole, although it must lead to some in- 
dividual failures. In the far higher form of 'Variable 
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Protective Eesemblanco, whicli will bo tloHfrilwni in 
Chapters VIL, VIIL, and IX., the intlividtml t-iiu 
adjust its appearance to any of the vnriotiH c,‘Hvir«)S3- 
ments it is likely to meet with in nature. 

The consideration of changes in eolotir v»*ry 
naturally leads to the subject of Dimorphism, 

Dimorphism in lepidopterous larvsB 

It has been already mentioned that tin? caterpillars 
of the Large Emerald Moth are sometimes greeji ami 
sometimes brown. The same is true of many larva% 
and in some of the Mocha Moths iKphiiri<Ut>) llie 
chrysalides are the same colour ns the larvie from whieli 
they develop. Those colours liave nothing to do with 
sex, and the appearance of th(i perfect insect liras not 
seem to be influenced in any way by the larval dimor* 
phism. It is noteworthy that hoth colours of ilimorphie 
larvsB are invariably of protective value : they are, in 
fact, nearly always the two chief tints of naturo™ 
green and brown. 

If we breed from moths devedoped from the green 
larvss of, e.g., the Largo Emerald, the larva* in the 
next generation are chiefly greon, and after several 
generations there is little doubt that the brown form 
would become excessivedy rare ; so also the green fortn 
would disappear if we bred from tin* brown varieties. 
But in nature both’ forms are common, and UH.*refore if. 
is certain that both must be advantageous to the s|a cifcs, 
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or one of them would quickly disappear. I believe 
that it is a benefit to the species that some of its 
larvae should resemble brown and others green catkins, 
instead of all of them resembling either brown or green. 
In the former case the foes have a wider range of 
objects for which they may mistake the larvae, and 
the search must occupy more time, for equivalent 
results, than in the case of other species which are 
not dimorphic. 

Dimorphism is also valuable in another way : the 
widening range of a species may carry it into coun- 
tries in which one of its forms may be especially 
well concealed, while in other countries the other 
form may be more protected. Thus a dimorphic 
species is more fully provided against emergencies 
than one with only a single form. To take an ex- 
ample : the green colour of the young caterpillars of 
the Convolvulus Hawk Moth {Sphinx convolvuli) some- 
times persists, and is sometimes replaced by brown 
in the later stages. In Europe the latter form pre- 
dominates, because the creeping food-plant {Con- 
volwlus arvensis) is so small that it is safer for a large 
caterpillar to resemble the earth beneath rather than 
the small leaves on its surface. In the Canary Islands 
and Madeira, where the larva feeds on many large- 
leaved species of Convolvulus, the green form pre- 
dominates, for it is far better protected than the other 
against a continuous green background. 

This result appears to have been brought about by 
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the ordinary operation of natural solortion, f.t 

the extermination of the Iohh pi-ott-ftfil vurt* ty. j 
have experimented with all tin* diniorj)!ii>' larva* n« «• 
tioned above, and could not liiid any true*' •>( nnnw p- 
tibility to the influence of 8urroinitUii''H, so an to h ail 
to the production of tlio apiiropriaU* form. When 
such susceptibility is present, of eourst! the •linwr 
has a far higher protective value. The il«*H* rij»ti»tii of 
such cases is reserved for a futuro clnipti r. 

Occasionally the two forms of a dituorjihie «j»c«*ii s 
appear at different times and corri spond to the* tints 
which successively predominaki in the wurrmnulitigs. 
At one time I thought the! brown form <»f the lairgt* 
Emerald caterpillar miglit appear ratln r hik*r than 
the other, when the green catkins had heen replaced 
by brown ; but further examination did not coiifirnr 
the observations which iwintt'd in this direction. J»r. 
Alexander Wallace, of Colcliester, has, howevi r, found 
that the moths of Bombyj^ rifnthm wliicli iir(* the first 
to emerge from the pupie imssesH, as a riiU<, an tdive- 
green ground colour, while those which emerge in 
September are generally of a yellow tint. These 
colours harmonise with tlie apparance of the .1 ihuthut 
leaflets at corresponding times of the year. 


Dimorphism in the Perfect Xas^ 

Dimorphism is also mot with in perfect insects, 
and it is especially frequont in the f<*nutleH (wr page 
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302 for an example of a dimorphic male among 
spiders) . Its meaning is obscure, but one of the two 
forms is generally much rarer than the other, and 
probably the older. The facts seem to point towards 
the replacement of an older by a younger form, 
because the latter is more attractive to the opposite 
sex, or because it is better concealed, or because the 
appearance is accompanied by other benefits to the 
species. The dark variety of the female Silver-washed 
Fritillary {Argynnis ^^aphia^ var. valezina), and the 
white variety of the female Clouded Yellow {Colias 
edma^ var. helice), are examples of dimorphism among 
British butterflies. I exclude that form of dimor- 
phism, or polymorphism, which is caused by one sex 
* mimicking ’ two or more species which are specially 
protected (for a good example see pp. 234-38). 

An extremely important form of di- or poly- 
morphism occurs among the females of the social 
Hymenoptera. In this case, however, the different 
forms are specially fitted for certain duties, and the 
consequent division of labour is beneficial to the 
society and therefore to the species. 


Seasonal Dimorphism 

Finally, a species which passes through two or 
more cycles of development in a year, viz. one that 
is * double ’ or ^ treble-brooded,' is often characterised 
by ' seasonal dimorphism,' in which the first brood is 
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different in appearance, and often in nhv, from the 
later ones. Professor Wcismann has invostigatcd this 
question, and he finds that while the hitor hnwilK ciin 
he readily made, by the application of ice in tla* pnpiii 
stage, to assume the form of the first or winter gene- 
ration, the latter cannot bo made to aKHumo the form 
of the summer brood by the application t»f wjirmth. 
He infers that such species wore singlc-hroodoil in tlic 
short summers which 8ueeecd(;d the (ihu-ial I’cricsl, 
and that the appearance was that of the |»rcK( iit w iiiter 
form. As the summers bceamc longm-, other newer 
generations with a different appfmraJico were uddn! 
(summer broods), but the sjKicies always tciuls easily 
to revert to the more ancient form. An inijKjrtant 
part of the evidence consists in the proof that sneh 
species arc now single-brooded in the northern part of 
their range, and that the one form is that of tlio 
winter brood of more southern localities.' 

I have given a very brief sketch of dimorphism, 
hardly alluding to polymorphism, which is only an 
extension of the same principle. Although the subject 
is only touched upon, enough has been said to sh»»w 
that there are many distinct kinds of dimorphism, 
some of which arc very obscure. By far the most 
important kind of di- or polymorjdiism retmiins to la! 
described below (see Chapters Vllf, and IX.), in which 

' geo Studim in t!te Tfteori/af Decent, hy Aiigml Witkmmn. 
English translation by Protessor Moldoia, 





I'HOTKt-nVl-; HlvHKMISl.A.VM'.'^ 1H.M< *Ul'i! JHM, i.li', .’ll 

each iiidivuiuHl liiM tw«i nr himiv it 

were, at ilfi Ptmumiml, atul can tluvi l**ji that rtii*- « 
is most wiitctl tn its own jncuHar nurroHndinn**. 

A reason for the wonderful coaceslment of tepido;>l«ront 

lartrse 

In tlu! remarkalilif ahuitdaiu’o uinl viirioty of 
njftlMHla l>y wliioli CT»ii«'i<a!m«nt ih oITiiIkI in l.i jii- 
doplurouH larva*, wo juohalilv iin* a riMiiU »»f llii ii’ 
IH'cnliarly (lofciKfli KH rdijiiilion. A larva is a «nfl- 
wiillotl cyliiidriciil Inin- wlui li »nu > ita fu nun 
intU'cd till- umintonnio i- «f its ohajM-, to tin- farl that 
it ccpiitHiiiH ilitiil hjhIi r jtroHKiin , whirli is i stortnl hy 
tlip siiloMof fill* lioily. ’I'liiM roiiPitnit'lioti ia ottlotiii ly 
daiigi'roiis, for ii slight wotual • iiliMlM groat loss of 
hliwui, whilf a moiiiTiitf injury nunti jirovo fata!. 
H«nco larva* iirt* so wiloiiriiil as to avoid ih tf-rlion or 
to warn «f nouiw untdrastuii attrihiitf, the ohji-vt in 
l«>th t’HMfH l« i«g the wunt- to havr tin* larva iin- 
tomdital, a lonch hritig jiiin tically fatal <•«■♦* also 
pp. iis-m. 

The eoaee&liaettt of Pup» 

Proloftivt! Ili fW ttililiiini*, l itln r Hjaa’ial or finin-ral, 
i» sriiji in n»*arly nil |iii|iai, tail most (*iiryM{rIi«|fi«i 

arc harivil in lh« wirtli or jirotiwl* d hy rm>ooin», rho 
fovwiii an* oftfii siir»eMfnl di foticv, htcaiwn tb« sjlh ia 
vtry «ii|ih!a«at!t tti tt«j ittottth ; hut aiit h protvflion 

w 'ii 
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only applies in the warnior woaUier «h«ii ilaiv U 
an abundance of iuscct food. In tin- wiuli r, in^* i-fivo- 
rous animals are pinched by hitngi r, iiml wuuld ilfV«Hjr 
the pupa in spite of the eoctntti. U e tin rt‘f«r<- liiwi 
that all cocoons which contain puim* during the wiiilir 
are well concealed, either spun between b aves whieh 
fall off and bocomt! brown, <ir liiddeii undei- bark «»r 
moss, or constructed on the siirfiu'e of bark with a 
colour and texture which remU-rs tin m t-xtrenuly 
difficult to detect. It is very eonuiioii for partieb s of 
the bark to be gnawed off by the larva nnd lixi-d mi t<» 
the outside of the cocoon. It will Ite shown below 
that many larvas can also control the coimir of tlieir 
cocoons. 

Protective BeseiabliUioes in Butterflies nad Xothi 

The perfect insect is also commonly defmnb'd l»y 
very efficient methods of coiuuiahnenl. The under 
sides of the wings of lailtcrllieH are geiii’rally eolmir* j| 
like the surface on which the instast Inibiinally r» sts, 
and they are the only parts seen during repoM'. We 
can form some idea of the twirfeetioii of Ihifi emieml- 
ment when wo remember the entire disappntrimfe of 
common butterflies in dull weather, liliiny of lh« in 
creep far down among thickly set leaves, while others 
rest freely exposed upon surfaces whicit harmonic 
with their colonra. 

Perhaps the most perfect concealment attairn*! 
by any butterfly is seen in the genus Kullimn, found 
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in India, the Malay Archipelago, and Africa. The 
way in which the insect is concealed has been described 
by Wallace in his ‘Malay Archipelago,’ and also in 
the ‘Essays on Natural Selection.’ The tip of the 
fore-wing is pointed like the apex of a leaf, and the 
hind- wing has a short tail like a leaf- stalk, while the 
outline of the folded wings between these extremities 
is exactly like that of a withered and somewhat 
shrivelled leaf. At rest the wings are held upright 
over the back, the head and antennae are concealed 
between them, while the tails touch the branch to 
which the insect clings by its almost invisible legs. 
Along the supposed leaf runs a distinct mark like 
a mid-rib, with oblique veining on either side. 

But dead and withered leaves are not all alike ; 
they may be almost any shade of brown, grey, or 
yellow, while they are often attacked by fungi of dif- 
ferent colours and in different places. Similarly the 
under sides of the wings of the butterfly are excessively 
variable, the different colours and markings only 
agreeing in that they all represent some familiar ap- 
pearance presented by withered or decayed leaves. 

Dead leaves are often pierced by insect larvae, and 
a detail of great interest is added to .the disguise in 
the semblance of a small hole. The scales are absent 
from both sides of a certain spot on each fore- wing, 
which is therefore only covered by the thin transparent 
wing membrane. These spots come opposite to each 
other in the position of rest, and the effect produced 
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is exactly that of a hole, for the two menihraiiert arc 
BO transparent that they are coinplctcly iiivjHihlc. Tlic 
size of the apparent liole varies v«Ty greatly in the 
numerous spocirnons of KalUiiia itiarhk, in the Hope 
Collection at Oxford. 

The upper sides of tho wings, conccaltal during 
rest, are dark, with a dci^p oningt! l*nr across the 
fore-wings. I have heard a naturalist, who is ac- 
quainted with tho Indian siwcies {Knllimn tnnchh) in 
its natural surroundings, object to the iirtcrpretation 
afforded by Mr. Wallace, on tlte ground that he has 
often seen tho butterfly <iisplaying th«« conspicuous 
upper sides of its wings when Hcttlcd, aiai has seen it 
resting on inappropriate surfaces. I do not think 
that this objection is fahU ; for hnttertlies wily dis- 
play their brilliant tints during the sliort pauses 
between tho successive flights, when they arc on the 
alert and can evade their cnemicH by wariness and by 
the swiftness of their flight. Our own beautiful Ifi tl 
Admiral (Fane«»a atalanta), Peacock iV, la), and Himdl 
Tortoiseshell (V. urtkee) similarly display tln ir bril- 
liant colours when pausing on a flower or even on the 
ground. But during prolongetl rest, when the iiw» ctH 
aro often semi-torpid and would bo easily eaptun-d if 
detected, the wings are invariably held so that the 
sombre tints of tho under sides are idmit* visifde. 
Hence the display of bright colours by the Indian 
KaMima is no argument against th(t protective* value 
of the leaf-like appearance of tho under sides ; b»r the 



PEOTECTIVE EESEMBLAKCES— BIMOEPHISM, ETC. 65 

latter acts as a disguise when it is most necessary for 
the butterfly to be concealed. It appears that the 
Malayan species {Kallima paralekta) is more cautious 
during the brief pauses between the flights ; for Mr. 
Wallace states that it frequents dry woods and thickets, 
and that it invariably settles on bushes with dry or 
dead leaves. He never saw one of these butterflies 
settle upon a flower or green leaf. 

A recent paper by Mr. S. B. J. Skertchly ^ en- 
tirely supports Mr. Wallace’s statements. The author 
calls attention to the fact that leaf-mimicking butter- 
flies, of several genera in addition to Kallima^ settle 
in an entirely different manner from that of other 
butterflies. While the latter gradually slacken their 
speed and settle deliberately, the leaf butterflies ^ fly 
rapidly along, as if late for an appointment, suddenly 
pitch, close their wings, and become leaves. It is 
generally done so rapidly that the insect seems to 
vanish.’ 

Certain English moths are also protected by their 
resemblance to dead leaves. One of the most beautiful 
examples is afforded by the Herald Moth (Oonoptera 
lihatrix), which suggests the appearance of a decayed 
red leaf sprinkled with a few white spots of fungoid 
growth ; the irregularly toothed margin of the wings 
adds to the effect. The bright eyes of the moth might 
expose the deception, but they are covered during 
rest by a tuft of hair which springs from the base of 
^ Ann. and Mag. Nat. Hist. Sept. 1889, pp. 209 et seg. 
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the antennje (see fig. 14). When the moth is about 
to fly the antennffi are brought forward, and the same 
action raises the tufts and uncovers the eyes. The 
moth appears in the autumn and lives through the 
winter, so that the resemblance to dead leaves is 
pecrdiarly appropriate. 

The Angle-shades {Phhgophora metieulosa) is also 

beautifully concealed by 
resembling a withered 
and crumpled leaf. The 
colours of the Yellow 
Underwing {Triphcena 
pronuba), as seen during 
flight, strongly suggest 
the appearance of a yel- 
low leaf whirled along 
by the wind and then 
suddenly dropping. The 
sudden swift rise and 
rapid descent are very 
unlike the flight of a 
moth. When at rest, it hides deeply amid thick 
foliage or among dead leaves on the ground ; it is 
extremely difficult to detect, and instantly rises when 
disturbed. 

The Eev. Joseph Greene has pointed out that the 
various shades of yellow and brown are especially 
'characteristic of autumn moths, while grey and silvery 
tints predominate in the winter species ; such tints 



Pig. 14.— T1l 0 base of left antenna of 
Herald Motli {Gonoptera libatrixXshow- 
. ing the tnft of hair which covers me eyes 
of the moth in the position of ; 
X 24*5 diameters. 
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harmonise with those that are most characteristic in 
the corresponding seasons. 

The Bnff-tip Moth {Pygcera hucephala) is very 
perfectly concealed by resembling a broken piece of 
decayed and lichen-covered stick. The cylindrical 
shape is produced by the wings being rolled round the 
body. A friend ^ has raised the objection that the 
moth resembles a piece of stick cut cleanly at both 
ends, an object which is never seen in nature. The 
reply is that the purple and grey colour of. the sides of 
the moth, together with the pale -yellow tint of the parts 
which suggest the broken ends, present a most perfect 
resemblance to wood in which decay has induced that 
peculiar texture in which the tissue breaks shortly 
and sharply, as if cut, on the application of slight 
pressure or the force of an insignificant blow. 

The excreta of birds are also very commonly re- 
sembled by moths as well as by caterpillars. This 
is the case with the little Chinese Character (Cilix 
spinula),^ and with many grey and white Geometers 
which rest on the upper sides of leaves with their 
wings extended as if ‘set.’ In this position they 
forcibly suggest the appearance of birds’ excrement 
which has fallen on to a leaf from a great height, and 
has therefore become flattened into a wide patch. In 
spite of a faithful resemblance to such an object, these 
moths possess very great beauty. 

^ Dr. C. M. Chadwick, of Leeds. 

^ Arthur Sidgwick, Jotim. of the Rugby School Nat. JSist See, 
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The appearance of splinters of wood is also often 
suggested bj moths such as the ' Bharks ’ {( 'umfUti) 
or Goat Moth (('<«*«»). Otlurs rosi nibk- thf surhit-rH 
of rock upon which llio)' habitually ri «l xlini<>phik, 
many Geometers, &c.)* 

I have merely given a fi:W striking instaures of 
resemblance to objects whitdt are «tf no interest to 
insect-eating animals. Kumcrous other i sauqdes 
might have been jwldcd, but my object in merely hi 
illustrate from tho LopidopltTii a principh' of etili>nr- 
ing which is of (sxtrenudy wide iipplieatbn, viz. its 
use in aiding an organism to <*seapt! frotn enemies 
by tho method of concealment. Abimdimt examples 
of this principle will be rei»)giii«ed by I'Very otm 
interested in natural bistory, among other tirders of 
insects as well as the Lepulopteni, among vcTh briitei 
animals no less than among tlio invertebrate! sub- 
kingdoms. 

Protective Sesemblaacmi la otiter Insect* and in Spider* 

In tho other orders of inst-cts, tho Ortlmpb'ra 
(locusts, grasshoppers, dec.) will bo found to inrlude tin? 
most beautiful examples of Protective Eifsi-uublnm'e. 
Tho tropical ‘ leaf insects ’ and ‘ walking-stick insects ' 
belong to this order. The latter hold their limlis 
irregularly, so that the resemblance to a dead branch 
with lateral twigs is rendered all the more jK-rf«:t. 



i*ll«TWTlVK CT*!. •'»» 

H}»ifl(-rs an- ofl*« j»r«4«>«ih« Iv : tiii»uy • %. 

«XHin}»l« « Jirr t?iv« n l»y U» U. I’** 

Oiii- of lU«* most roiiiarkiilil*' is* f 
MaduKHS'ar, i»iSrt »w»li*»Hl* =>•* <»n a 

nscmWia » ww«ly It« h|.jh «r«ius«' is* in 

tig. 15. A common WiJicoiiaiM !!*|n«l« r, K/»«rs» 



gent-rally rmis on lli«s tiram ln » nf «•< ilar 1*ii«1j« mol 
cloHifly riM*nilil»'t» liflnn lig. HVh Kj»i(l»r!* wr»s 
«'«{w;«*ia!!y n lisihtfl liy !««««:( I vnrosw iiitiinnl**, mt Hit n* 
j in t %’i<ry roiiaoti f«»r tlif fiiillifnlmaa «»f llioat* r« wito 

1 l>l«ni-t'«. In many oilier caaea, however, Use re*(»m- 

..<1 
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CHAPTER ? 

PBOTEOTIVE JiESKMliLANCEB IN VKRTE 
BEAT A, ETC. 

Many of the lower Vertebrala luivt* llic jK»wi r t)f 
rapidly modifying their colonr iiecortling to tlH* in* 
vironment, and these will he; dimcrihi il in a fnttin* 
chapter. Such a power appears to Ih> [mjswhm iI by 
few reptiles, and by no bird c»r niainiiial. 

ProtectiTe Eesemblimoes among BeptUea 

Our two English snakes are well ettnr»‘al*;tl by 
their colours; the olive-green Grass Hnake {Tr»pi- 
donotus mtrix) harmonising well with the grassy biinhs 
which it chiefly frequents; while the brown vip«r 
{PeUas hems) is difficult to detect «|>OJi the dry heutlw 
where it is most commonly found. Our limnls are 
also well protected in the same manner. 

Protective Eesemblanoes smonf lirii 

Wallace has directed attentifni tf> the probfctive 
colours of female birds which build open i« sts.and be 
points out that the males are similarly protrcS. tl hIh u 
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they undertake the duties of incubation. The same 
necessity does not apply to species which constiuet 
coyer ed nests oi build in holes. 


The Colours and Markings of Birds’ Eggs 

The proteetiye value of the tints and markings 
of eggs are of great interest, and have not been 
sufficiently inyestigated. The fact that eggs axe 
pioteotiyely coloured was fully lecognised by Erasmus 
Darwin, who places them under ‘colours adapted to 
the purpose of concealment.’ He says ^the eggs of 
birds are so coloured as to resemble the colour of 
the adjacent objects and their interstices. The eggs 
of hedge-birds are greenish with dark spots; those 
of crows and magpies, which are seen from beneath 
through wicker nests, are white with dark spots ; and 
those of larks and partridges are russet or brown, like 
their nests or situations.’ ^ This description of tbe 
eggs of crows and magpies is incorrect. The eggs 
of crows are greenish with umber markings; those 
of magpies pale greenish with dark markings. It is 
probable that Erasmus Darwin correctly explained 
the appearance of the eggs of the wood-pigeon (see 
p. 62 ), and inadyertently illustrated this principle of 
colouring by erroneous instances. The special men- 
tion of the interstices between the parts of sur- 
rounding objects, as well as the objects themselyes, is 


^oonormat 179^4, toL i. p. 510. 
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of great interest; protective colouring can never be 
fully understood until this principle is taken into 
account. 

In order to make out the true meaning of the 
colours of eggs they must be observed in their natural 
surroundings, and must be looked at from all points 
of view and at varying distances. It is very probable 
that the bright blue colour of certain eggs will be 
explicable under these conditions. 

The fact that concealed eggs are almost invariably 
white strongly confirms the conclusion that the colours 
of exposed eggs are of value to the species, and are 
maintained by the operation of natural selection. 
Certain exposed eggs may, however, be white, as in 
the wood-pigeon, but in these cases the eggs are pro- 
tected from enemies beneath ; for the holes in the 
loosely constructed nest through which they are seen 
cannot be distinguished firom others through which 
the bright sky appears. 

The whiteness of eggs hidden in holes or in covered 
nests, or buried under leaves, is of a very different 
nature, for it is due to the cessation of natural selec- 
tion, perhaps aided by reversion to the ancestral 
colour, which is still preserved in the eggs of reptiles. 
All useful characters are kept up to a high pitch of 
efficiency by the continual elimination of the unfittest, 
and as soon as such elimination ceases, the level of 
efficiency must faU. This interpretation is confirmed 
by the fact that the eggs of certain species which now 
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nest in the dark still retain traces of patterns which 
are well developed upon the eggs of their nearest allies 
with other habits. Thus the egg of the puffin, which 
nests in a burrow, would be called white at a little 
distance, but closer examination reveals the presence 
of very faint spots, which are distributed as in the 
very distinctly marked egg of the razor-bill.^ Certain 
other species still lay strongly marked eggs in the 
dark, and in their case the change of habit presumably 
took place at a comparatively recent date. Such a 
conclusion can be tested by an investigation of the 
habits of closely allied species. Although white must 
have been the ancestral colour of birds' eggs, it has 
probably been re-acquired in species which nest in the 
dark. It would be very difficult to believe that such 
a habit has persisted continuously since the time when 
all birds’ eggs were white. 

The strongest confirmation of this explanation of 
the whiteness of hidden eggs is, however, to be found 
in the colours of the eggs in the various breeds 
of domestic fowls. If the gradual disappearance of 
colour is due to the cessation of natural selection, we 
must expect it to occur, however the cessation has 
been brought about. Natural selection cannot operate 
to preserve the colour of eggs laid in the dark, and it 

^ This interesting example attracted my attention while looking 
over a collection of eggs in the possession of my friend, Mr. E. H. 
Greenly. Mr. H. Seebohm informs me that he has no doubt about 
the validity of this interpretation, which was suggested in his work 
on British Birdsj 1885, vol. iii. p. 367* 
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is equally inoperative when enemies are artificially 
excluded from eggs laid in open nests. And the eggs 
laid in our poultry-yards afford conclusive evidence 
that colour disappears as surely under the latter 
condition as under the former. The brown colour 
must be a very important protection to the eggs of 
the ancestor of our domestic breeds, the Asiatic jungle 
fowl (Gallus hankiva) ; while a white appearance 
would greatly add to the danger of discovery by egg-, 
eating animals. But there is no such difference be- 
tween the value of white and brown in confinement, 
and we accordingly find that the colour is disappear- 
ing. Certain fowls lay white eggs, and the tint of 
those which still lay coloured eggs varies considerably, 

‘ the Cochins laying buff-coloured eggs, the Malays a 
paler variable buff,, and Games a still paler buff. It 
would appear that dark-coloured eggs characterise the 
breeds which have lately come from the East, or are 
stm closely allied to those now living there.’ ^ 

Erasmus Darwin further suggested that the colours 
of eggs, in common with other protective colours, may 
be due to the effect of the imagination of the female. 
This suggestion has been still further elaborated by 
A. H. S. Lucas, ^ but no real proof of it is brought 
forward in his paper. That eggs resemble their sur- 

^ Darwin, Variation of Animals and Plants under Domesticatio 7 i, 
1875, vol. i. p. 261. 

2 Log. cit p. 511. 

* Poyal Society of Victoria, 1887, pp. 52-60. 
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roundings is explicable by the operation of natural 
selection, while the gradual loss of colour when natural 
selection ceases to operate, is in opposition to Mr. 
Lucas’s hypothesis, which assumes that the colour of 
the shell is determined by the influence of surround- 
ing tints upon the retina of the female. If the rusty 
spots on the eggs of birds of prey are due, as Mr. 
Lucas supposes, to the sight of blood, eggs laid in the 
dark should still be affected by the naemory of some 
colour either predominant in the surroundings, or of 
especial interest to the female. The hypothesis might 
easily have been tested by surrounding birds with un- 
usual colours and observing the tints of their eggs : 
and, had this been done, I believe that the paper would 
not have been written. 

Since the last paragraph was printed, a letter from 
the Eev. F. F. Grensted has been communicated to 
‘ Nature ’ by Mr. A. E. ’Wallace.^ The writer believes 
that the colour of the egg of the red-backed shrike 
varies with the tint of the lining material of the nest. 
Mr. E. B. Titchener mainta.ins that there is not suffi- 
cient evidence for this opinion. At one time Mr; 
Titchener believed that Variable Protective Eesem- 
blance was exhibited by the eggs of the yellow- 
hammer and spotted fly- catcher as well as by those 
of the red-backed shrike. Further observation con- 
vinced him that the evidence was insufficient.^ 


Naimre, vol. 41, Nov. 21, 1889, p. 53. 
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The strongest argument used by Mr. Lucas is the 
fact that cuckoos at first sight appear to have the 
power of adjusting the colour of their eggs to those of 
the birds which are so successfully imposed upon. It 
seems to be certain, however, that the cuckoo carries 
her egg to the nest in her beak ; for there are numerous 
instances of the cuckoo’s egg having been found in 
a nest which the bird itself could not possibly enter, 
and Mr. Lucas gives examples of the same kind from 
Australia. The cuckoo has therefore the chance of 
seeing the colour of her egg, and of carrying it to the 
appropriate nest. It is also possible that different 
individuals lay eggs of a different shade, and deposit 
them in the nests of species with eggs of a correspond- 
ing appearance. The whole relation of the cuckoo to 
the birds it deludes is most interesting, but very 
difficult to decide satisfactorily, because of the extreme 
shyness of the bird. I do not think, however, that the 
facts which are now at our disposal afford sufficient 
justification for the opinion that the female cuckoo 
can control the colour of her eggs. 

I have discussed the colours of birds’ eggs at some 
length in the hope that those readers who are interested 
in the subject may be induced to observe for them- 
selves, and assist in obtaining a far more complete 
knowledge of the meaning of the colour and marking 
of eggs than we at present possess. 

I know of no more inspiring subject than the 
colours of birds’ eggs. The most superficial glance 


i'ROTKrru'K is’ viintRisuA «♦ 


over a colli-ftioii of rt-viuih ImstH «if ntint' 

{iiolilcms wlik'li TOjiiiif rtiilutinii. 1 !««•!{ f<nw;»r.i to 
the time when asiy lieHerijiUnn of enhim- suitl iiiiii ldiii.! 
will !«! eoiiHhit’r* ■! iiH Hinplete uiiiesH 
by an account of their iitt-aning ami iiiij>oitiun»’ in 
the life of the Hia t ies. 


Protectiire Rasemblancei! among Mammalia 

Among the Msinnnnlia il wotihl In hurflly j»o> ;til»le 
to moot Avith a lietter examjile «»f jirotu tive eoli.tiring 
ami attitude fhan that «.f the Imn- sm it nita motion- 
k'HH, c xaetly re.a nihling a hnu}> of hrmvit earth, for 
whieli indei-d it in freijueiitly mtHtaken. 'l*lm dark 
brown or grey «»lourH of all tmr ainaUer fjiindrnjw «ia 
are alf>o liiglily jmdeetive. The ehnng<' of eolonr in 
northern mamnmlH in tlio ttiut»r tvil! be duriilad 
in Chapter VII. 

Protective Seiemblance* among Fish 

The jK*wer of <oloiir adjimtimnl ia very widely 
dwtrihutod among lii<h ami Aiii|ihil)tn, amt Ariil r< e» ive 
attention in a later ehnpter. I will therefore only ««y 
a few avoi'iIh about tin- I'rotrciive llt MOitibinnee of the 
former. 

ProfefiHor Htf wart haa alioAVti iim a biautifut 
auipU? in the AuHtraliaii Star 

a fiah which i» covered with ttuitmroua culaneoua 

W % 
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appendages, most of which are supported by a bony core. 
The appendages are flat, and are alternately banded 
with dusky brown and orange, exactly resembling the 
form and colour of the sea-weed to which the fish 
clings with its tail. There also are many bony spines 
without the flat folds of skin, and these are doubtless 
defensive. 

The general arrangement of colour on porpoises, 
most fish, &c., has been well explained by Wallace. 

‘ Looking down on the dark back of a fish it is almost 
invisible, while, to an enemy looking up from below, 
the light under-surface would be equally invisible * 
against the light of the clouds and sky.'^ 

The white colour of one side of such fish as the 
sole, turbot, &e. (Pleuronectidcd), viz. the side which 
is in contact with the sand or mud, cannot be ex- 
plained in this way. In such a case we see the dis- 
appearance of colour in consequence of the cessation 
of natural selection, as in the white eggs laid in the 
dark, while the white bellies of many fish may be 
compared to the whiteness of the eggs of the wood- 
pigeon, an appearance produced by the operation of 
natural selection. 

It has been already pointed out that natural 
selection may not only remove the pigment from an 
animal, but may even replace the red blood of a 
vertebrate by a colourless fluid. The transparency 
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of llu! Kurfilci' hvvilUluiliiJ fi«li, /,»/*/<» ii in- 
muHi il in Uii.H 

Proteotive Eeiembiance* amoiig Marinn Animals 

Bcforo Iraviijj? this jkmI «if ihi* unhjrcl I 
alluth' to l‘rol»i*tiv** lli Hi uildiiiH i >» miioiij^ liioiint' 
animiilH. Although hirj»i' ttiiiuhi rs of * 

lire luiilf if stood, tho jirtiu'ijdi'M t»f rotouriiig itt Jiouintt 
foniiK havo vory iiH ftiiipl* ti iy worked out, Tho 
(lifticiiitk'K «r»! far giv iifi r thao in html I*<- 

causo it IH oftfii lu iuly iioptthHilih to oh i rvo thi< 
K|)ot'i(!H ill tln ir nattinil < uviioiuiii jit, luul it hiia 
hocii nln ady hhowii that thi < is « mi ntial if M» i»rv fully 
to nndorstnnd the iiiiaiiiiig of all (hftaib in thi-ir 
ajjjM'uraiK’o aial attitud»H, It ia, liowovi r, v« ry autiit- 
factory to know that th«' whoh* aiihji'ot of ilit? ♦•oloiiiitig 
of inariiii; m»lhj*a ia la ing tiitdcrtakoit in a aVNti 
laatic maninr l»y Mr. W. f iarstaiig,' nssisti.il hy all tin 
appIiatii'cH of till' ialionitory of tin Mariio’ I5i«t|ii.<ira! 
AHwaaation at I’iyiooullt. 

Protective Eesemhlances amonf Marine Moltiiica 

I’j. H, Morse hat* i*h»oui, I’oulrary to liarivin'si 
oiiiuioii,’ that the appearaiieei* of fontty iooHi)f.m 
arc Hiieh a** t*i alford toitri iiiiaent. An i stia iai ly 

' K, iSttj ‘Oil il»K ol . 

H’tg. H't\, ></. Jia, )**7a. 

, ni.t ^ 'Jala'S 

Pfl. IfS if J|rr|, J 

* iMmni Mmn; tel i |i, BUh 
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interesting example was brouglit Injferj* mv !»y Mr. 
Garstang, viz. that of the OpiHthohnincli iimlhiHc, 
Ilennain, which is transparent aiul thfrt'fftrc inviHihle, 
except for the ‘ hepatic ’ canals, whicli simulate in ft»nn 
and colour the reddish weed {(JnJjUhmn) on which the 
animal usually lives, lilr. Giirstang finds that the 
colour is purely adventitious, being dm* t<* the food 
undergoing digestion (seo 7fi, BO). Anothen- English 
species of Ihrimm is gnam, and lives on gree n vvetals. 

Mr. H. L. Osborn has published a v»'ry interesting 
note on the roscmhlance. between tlie colour of ii eoriil 
on the North American coast and th(T inolltise wliieh 
habitually lives upon it.' lie states that J)r. K. B. 
Wilson, working in 1870 in Dr. Brooks’s inhoratory 
at Beaufort, N.C., found an orange-yidlmv corn! 
(Leptogorf/iaviriinlatu) invariably attended by a gastro- 
pod of the same colour {Oriihim nnijilimlnift), which 
was never seen apart from the corah Dr. Wilson’s 
coral occurred in shallow water. In 1B8 1, Mr. Oslsjrn, 
also working at Beaufort, found a Li'phHjurfjki in ten 
fathoms of water, of the same general habit ns /,. fir- 
gidata, but of a deep rose colour, almost purple. The 
ground-colour was mottled with while round the open- 
ings of the polypes. A large numlsjr of inolluscs went 
found on the coral, and these had red-hrowii shells, with 
the surrounding skin of a deep rose colour mottled with 
white. Except for this difference in colour the mollust's 
exactly reseiablod 0. mipUcMim, wml Mr. Ostwrucon- 
* H. L. Osbom, Bckme, Msw fork, 1885, fi. |ip. b-Ib* 
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yellow coralw wt rv put trigello r the f<nii»i r t*i*»k no 
notieo of the hitter. 

It iH very iiitereHtiug to fhul that Mr, (»»r«f«f(K 

* .1 * 4* ... * A.......,,., j i.* 


t!ie iiliovc at Fifiamitli. A mMtm mml 

vfmumii) ia atlendwl liy a gafttroj»«l {Ot nii fmtuLt) 
adapted iii form ami colour for eom-vahm nt on tin 
Btams of tho 

It might ho argtieii that the<a* nn- eaite# of Tro 
tcctivo Miinicrv, iiuoimneh hh one iinitimi row'iBhle 
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CHAPTER VI 

AG-GBESSIVB BE SEMBLANCE S—^AD. VENT IT 10 US 
PBOTECTION 

Aggressive Resemblances 

Passino now to Aggressive Resemblances, the appear- 
ance of the larger Carnivora harmonises well with 
their surroundings, enabling them to approach their 
prey. The colours of snakes, lizards, and frogs are 
doubtless Aggressive as well as Protective. Certain 
carnivorous insects, such as the Mantidce, are well- 
concealed by their colour ; and this, although chiefly 
Protective, is probably also of value in enabling them 
to creep upon their prey. Aggressive, like Protective, 
colouring may be either Special or General. 


Alluring Colouration 

Special Aggressive Resemblance sometimes does 
more than hide an animal fromits prey ; it may even 
attract the latter by simulating the appearance of 
some object which is of special interest or value to it. 
Such appearances have been called Alluring Coloura- 
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species of Ccratim) the foremost teiitiirlc hoJirK a 
himinous organ which is HUKpeiuleii uh a htn* in front 
of the mouth.' The prey art* attriu-tc*cl hy tlie light 
into this convenient position for t^llccting lln ir enptur«% 
An Indian Matith {llynuuopm hiconiix) feeds 
upon other insects which it attracts hy its llowerdiko 



shape and pink colour. The apparent potals are the 
flattened legs of the insect. Tho apjx'arama! of the 
Mantis in the active pupa stage is shown i»t fig. 17. 
The figure has been copied from a drawing sent hy 

* A. Gtother, OmlUng^r Ikjportif vol. xxll. |i, Iitlrtifliic* 

tion, p- XXX, The tuneMoa of ilii lomlnoiii orgwi w&i llrut «iw|' 
geated by Ldtken. 
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give an advantage to the posHeBBOr in the ciniHtiUil 
struggle for food. 


Adventitious Protection 

Before proceeding to doBcrihe tlio powi r of Vari- 
able Protective JUisoinblanci! poHBCMBi-d by nmny 
animals, it is necessary to point out timi liTiets 
w'milar to those described above iiniy !«• gaiiiiHi hy 
moans which supplement the acipiiHilioii of any ajK'diil 
colour and form, or which may ('ntirely lejihu-i! tlniBo 
methods of producing concenhiwuit. Many nniiaab 
cover themselves with objects which are jtri-valent in 
their surroundings and ares of no interi wt to their 
enemies. Sometimes tho meaning of this habit is 
concealment alone, hut in otlier cnscs olyi-ctH of great 
strength arc selected and bound firmly together so 
as to form a resistant armour. 

Many Lepidoptcrous larva* live in cases itmdt* of 
the fragments of the substance upon which they live. 
The oases of the larvse of Clotlnis Moths an- mily 
well known; those of tlio Pst/vhiiltv are made of leaf 
or brown grass stems. The larva of the Essex 
Emerald Moth (Geometrn covers il!(«lf 

with a loose case made of fragments of h nves spun 
together with silk. The cocoons of EepidopU ra are 
frequently concealed by containing fragments of wtsai 
or bark gnawed off tho surface on which the is 

constructed (Cerara, Cilix, MemeruiikiUn, Ac.h Ifirds’ 
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nests are often similarly concealed ; the lichen-covered 
nest of the chaffinch is an obvious instance. 

The well-known cases of Caddice-worms (Trichop- 
tera) are partly for concealment and partly for defence ; 
they are built of grains of sand, small shells (often 
alive), vegetable fragments, — in fact, of any suitable 
objects which are abundant at the bottom of the 
stream in which they happen to be. 

Some of the best examples are to be found among 
marine animals. Certain sea-urchins cover themselves 
so completely with pebbles, bits of rock, shell, &c., that 
one can see nothing but a little heap of stones. 

Many marine moUusca have the same habits, 
accumulating sand upon the surface of the shell or 
allowing a dense growth of algae to cover them.^ The 
best example of the kind was shown me by Professor 
C. Stewart, and is all the more interesting because of 
the transition observed in the habits of different species 
of the same genus, Xenophora. Many of these gastro- 
pods include pieces of shell, rock, coral, &c., in the 
edge of the growing shell. The effect is probably to 
obscure the junction between the shell and the surface 
on which it rests, and thus to assist in rendering the 
organism difficult of detection. Thus the growth of 
the shell may be traced by a spiral line of included 
fragments (X. calculifera). In X. Solaris the habit is 
only maintained during the early stages of growth, 

' B. S. Morsar Proc. Boston Soc. Nat. Mist. vol. xiv. April 5, 
1871, p. 7. 
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and the spiral line of fragments extends for a certain 
distance, and is then suddenly replaced by spines 
which are doubtless of value as a defence. In X. cerea 
and X. solaroides the size of the adventitious particles 
is so great as to nearly conceal the shell, while in 
X. conchyliophora nothing can be seen but a heap of 
fragments. Specimens of Xenophora and of the crabs 
mentioned below are to be seen in the Museum of 
the Eoyal College of Surgeons, as part of a beautiful 
series intended by Professor Stewart to illustrate the 
various uses of the colours of animals. 

The tube of certain well-known marine worms 
(Terehellidce) is constructed of sand-grains cemented 
together. 

One of the most interesting examples of adventi- 
tious protection is afforded by certain crabs {Steno- 
rhynchus, Inachus, Pisa, Maid), which fasten pieces of 
sea- weed, &c., on their bodies and limbs. Bateson 
has watched the process in Stenorhynchus and Inachus. 
^ The crab takes a piece of weed in his two chelae, and, 
neither snatching nor biting it, deliberately tears it 
across, as a man tears paper with his hands. He 
then puts one end of it into his mouth, and, after 
chewing it up, presumably to soften it, takes it out 
in the chelae and rubs it firmly on his head or legs 
until it is caught by the peculiar curved hairs which 
cover them. If the piece of weed is not caught by 
the hairs, the crab puts it back in his mouth and 
chews it up again. The whole proceeding is most 
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human and purposeful. Many substances, as hydroids, 
sponges, Polyzoa, and weeds of many kinds and 
colours, are thus used, but these various substances 
are nearly always symmetrically placed on corre- 
sponding parts of the body, and particularly long, 
plume-like pieces are fixed on the head, sticking up 
from it. ... Not only are all these complicated 
processes gone through at night as well as by day, 
but a Stenorhynchus if cleaned and deprived of sight 
will immediately begin to clothe itself again, with the 
same care and precision as before.’ ^ Bateson states 
that Stenorhynchus does not betray any disposition to 
remain in an environment which harmonizes with its 
dress. 


Adventitious Colouring 

The protective colouring of many animals may be 
due to the food in some part of the digestive tract, 
seen through the transparent body. This is impor- 
tant in many transparent caterpillars, such as the 
Noctuce, and probably in many marine organisms. If 
a larva, such as that of the Angle-shades {Phlogophora 
meticulosa)y be fed on the orange- coloured marginal 
florets of the marigold, the passage of food along the 
alimentary canal can be distinctly traced by the pro- 
gressive change in the colour of the caterpillar. 

The green colour of the blood of most larvse is 

^ Jowm. Mar* Biol* Assoc.y New Series, vol. i. No. 2, Oct. 1889, pp. 
213-14. 
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adventitious in origin, having been derived from the 
chlorophyll of the leaves ; it is, however, much modi- 
fied in constitution by the time it reaches the blood. 
The green colouring matter passes from the blood 
into the cells of the surface of the body in many 
caterpillars, but is re-dissolved in the blood of the 
chrysalis. It is then made use of, in certain species, 
to tinge the eggs, and, after this, is absorbed into the 
body of the young larvae which afterwards hatch from 
them, protecting them with a green colour before they 
have had time to acquire fresh chlorophyll from the 
leaves. The passage of an adventitious colouring 
matter on into a second generation is a very remark- 
able phenomenon. There does not, however, seem to 
be any doubt about its occurrence in certain species 
(e.g, Smerinthus ocellatus),^ and I have a good deal of 
unpublished evidence on the subject, 

^ See ‘ Proceedings of Physiological Society,’ pp. xxv and xxvi, 
in Journal of PJvysiologyj vol. viii. 1887. 
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CHAPTEE VII 

VARIABLE PROTECTIVE BESEMBLANCE 
IN VEBTEBBATA, ETC. 

Protective Eesemblance in its highest and most per- 
fect form mast not be fixed, but capable of adjustment, 
so that the animal is brought into correspondence 
with each of the various tints which successively form 
its environment, as it moves about. An active and 
wide-ranging animal will be benefited by the power 
- of resembling the tints of many different environments, 

I and by that of changing its colour rapidly. 

More sluggish animals only require the power of 
bringing their appearance into harmony with a single 
environment, although the capability of adjustment 
is still of great value, because the environments of the 
different individuals vary, at any rate to a slight 
extent. Thus a moth lays some of its eggs upon one 
i tree of a certain shade of green, and others npon 

I another with leaves of a rather different shade ; so that 

the caterpillars would not have same environment, and 
would gain by possessing the power to adapt their 
colours. At the same time there would be no im- 

a 
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perative necessity for the change to hi; ostrtsmely 
rapid. 

In other cases it will bo of advantage to tin* aniiniil 
to possess the power of changing twice in its life, once 
for the peculiar surroundings of the caterpillar, and 
once for the peculiar summndingH <»f the dirywilis. 
There is indeed some ground for the Iwh’ef that in 
certain cases tlio colours of tin; perfect inw.-t>l also may 
be adjusted to correspond with the petailiiir environ- 
ment. 

Variable Protective Kesemblaaoe in Fiihct 

Instances of the power of ra[»id adjaHtnn-iit are 
very common, although most pt;o|de (irc; not uwiire of 
them. Nearly all liHhennen know that the trout 
caught in a stream with a gravelly or wimly hottoni 
are light-coloured, wliiU; those caught in a muddy 
stream are dark. It is also well known that thi; same 
fish will soon change in colour when it passes from on«; 
kind of background tf) tlio other. Thus Mr, K. Jt. Y, 
Pode tolls me that all the trout in a stream near Ivy 
Bridge have become unusually light ever sima; lln< 
pollution of the stream hy white tdtina tduy. 

The same facts are true of many other freshwnli r 
and sea fishes. The interior t»f a minnow-can is 
painted white in order that the hait may hwome light- 
. coloured and thus conspicuous in the dark wah r aln n- 
the pike or perch is likely to he found. 1‘hf dmiige 
of colour occupies an appreciable time,uml tin; lishi r- 
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man knows that he stands an extra chance of catch- 
ing his fish while the bait remains unadapted to its 
environment. This experience serves to prove in a 
practical way that the power of changing the colour is 
essentially protective. 



Variable Protective Eesemblance in Amphibia 

Other animals possess the same power. The Com- 
mon Prog (Rana temporaria) can change its tints to a 
considerable extent. Thus Sir Joseph Lister states 
that ‘ a frog caught in a recess in a black rock was 
itself almost black ; but after it had been kept for 
about an hour on white flagstones in the sun, was 
found to be dusky yellow with dark spots here and 
there. It was then placed again in the hollow of the 
rock, and in a quarter of an hour had resumed its 
former darkness. These effects are independent of 
changes of temperature . . The Green Tree-Frog 
{Hyla arbor ea), so common in the South of Europe, 
is bright green when seated among green leaves, but 
becomes dark-brown when resting on the earth or 
among brown leaves. It is very interesting to notice 
that when this frog turns brown, irregular spots 
become conspicuous upon its skin, spots which evi- 
dently correspond to those upon the Common Frog 
(JRana), but which are invisible when the green tint is 
assumed. 

^ Lister : Phil. Tram,, 1853, vol. 148, p. 628. 
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Variable Protective Eesemblance in Reptiles 

The power of Variable Protective Eesemblance is 
therefore present among fish and Amphibia, but the 
most remarkable and weU-known example is afforded 
by a reptile, the Chamseleon. The rapidity with 
which the change of colour takes place, and the wide 
range of tints which the animal has at its command, 
have caused this lizard to be regarded as a type of 
everything changeable. But the same power is also 
present in certain of the South American lizards 
belonging to the family Iguanidw, and it is probable 
that Variable Protective Eesemblance is much more 
common than has been generally supposed. 


The changes of colour depend upon the eye 

The physiological mechanism by means of which 
these rapid changes of colour are effected has been 
investigated by Lister in this country, by Briicke in 
G-ermany-, and by Pouchet in Prance. At first sight 
it appears likely that the light may directly determine 
the distribution of colouring matter in the pigment 
cells in or immediately beneath the skin. Each of 
the various surroundings of an animal would, accord- 
ing to its colour, reflect light of a certain constitution, 
and it might weE be supposed that 6ach kind of re- 
flected light would produce a different effect upon the 
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Imiiii liciiiig tltiiH iiitlirttidly itimulitti^il in ii |tt^riilifir 
mmimr liy ?ii.riciiiii kiiicln cif ligiit, firigiiiftii^ti 

diJIerarit wlibli |mfi« fniiii ii iihnig lli«* inrvrH 

cliHtril)iito:l t« tint nkiti, luni vmymt4 uf 

eoncciiifcratioii of thf^inguioiit in 11if» iiigfri'tii. 

powem cif ilio iimkivil hy all lli*’ viirinl 

methoclfi of Iii-HtoiogVf liavr fuilril to ih-fi'-rl tlir' mio 

Bifction thi^ iH'rvoH lunt tho pigiiinsi ri4l« in 

tlio liiicl yri hiu*li i*oriiif*riiiiii iijijaiira lo li© 

irorliiiii I#j* lh<^ fip*l iliiii light hilling titi tliii lyi! 
moclilkm tiiatriliiitioii of llio |iigtiioiit gniiiiili^n, 

Till? jiigiiiriit Colin ill the nktn iir«' often of ?fiririiiii 
colriiirn, aiitl ttret iirriing«4 in Inyern* ho tliiil very 
iliffcrciit cileclfi iiiiiy k: |iro«lnei><l hy ronrenlnilioii in 
ecrtairi cc!!m, limdiiig to ihe iijijM-iirioiri' «4 of 

fiiicitliiir cfoloiir, cir iu ii i’«itiil4nr'4 effr-rt iliio if.! iJio 
cciloiim of iiyo or riion* kiink of rrllH. 

lliai iaiamlf caaatl f»rf Ihtir mUm prtticlitily 

It liiiH k'cii Hlioiiii hy isxjn^rittioiil tlnit lilitiilinl 
frogn tiavr iw finwer of nlloring l}ii4r rolrmr ho m hi 
com‘Ht#oiiil with mtmMimlmg tiiitw, Tlir witiio fiictn 
iil«o hiivtj hmm jiroviiil in ii tioinl itik^reiiliiig iiniiiiiitr 
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by the obseryation of living animals in their natural 
surroundings. Thus Pouchet noticed that one single 
plaice out of a large number upon a light sandy 
surface was dark-coloured, and thus unlike its sur- 
roundings. Examination showed that this individual 
was bhnd, and therefore unable to respond to the 
stimulus of reflected light.^ 

Another very interesting example of the same kind 
was brought under my notice by my friend, Mr. H. 
Nicoll. This gentleman had observed that in addition 
to the light- coloured trout usually seen in a chalk 
stream in Hampshire (a tributary of the Test), very 
dark individuals are occasionally met with. He was 
puzzled for a long time, but the fact that the dark 
fish could never be induced to rise to a fly finally led 
him to examine them, when he found that they were 
invariably blind, the crystalline lens being opaque. 
Sometimes the fish were blind in one eye, but this did 
not affect their colour. The darkness appears to come 
on gradually with increasing blindness, for the depth 
of the tint varies in different individuals, and some- 
times only part of the body (e.g. the tail) is affected. 
The blindness probably comes on with age, for the 
dark fish are always large, generally between one and 
two pounds in weight- 

^ Quoted by Semper, Animal Life^ International Scientific ^Series, 
pp. 95-96. 
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The power of varying the colour essentially protective 

The protective value of the . change of colour in 
normal trout was especially well seen when contrasted 
with these blind individuals. As it has been some- 
times asserted that protection is not the meaning 
of resemblance to the environment, I was anxious to 
observe so striking a contrast for myself. Mr. Nicoll 
kindly gave me the opportunity of seeing the fish in 
his stream, and I can in every way confirm his state- 
ment that a person unaccustomed to the observation of 
animals would certainly fail to detect any trout except 
the black ones. No one who had the opportunity of 
comparing the changing colours of the normal fish — 
ever harmonising with their surroundings, — with the 
unvarying conspicuous darkness of the blind in- 
dividuals, could hesitate for a moment in admitting 
that concealment is the one object of the adjustment 
of colour. 

The change of colour may also be voluntary or 
may follow from mental excitement. Thus the colours 
of fish often become much brighter while they are 
feeding,^ 

The food of blind trout 

It may be objected that the dark fish still continue 
to live in the same stream with the more perfectly 

^ Eor a curious change of colour in the conger, see Bateson, lx. 
pp, 214-15. 
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concealed individuals. This is sufficiently explained 
by the facts that the waters are carefully preserved, 
and that the blindness only comes on when the fish 
are large, and are therefore exposed to the attacks of 
comparatively few enemies. 

Mr. Nicoll informed me that the black fish were 
usually in very poor condition, and I was very anxious 
to ascertain the kind of food which was still accessible 
to them. We therefore caught two fine specimens 
which were in fair condition. I opened them and 
found their stomachs quite full of caddice-worms, 
cases and all, together with a few fresh-water shrimps 
(Gammarus) , These animals are doubtless hunted by 
I scent and touch, while the insects on the surface of 
I the water can only be obtained by sight.^ 


Loss of power of varying colour in a chamseleon 
before death 

The changes which took place in a chamseleon in 
my, possession probably show the dependence of the 
power of adjustment upon the state of the nervous 
system. In the summer, while the lizard was healthy 
and had an abundance and variety of insect food, it 
was dark-coloured by day, when it rested on some 
dark branches or walked about in its shaded cage. 
Placed upon a leafy branch in strong light it became 

* Certain fish habitually seek their food by the olfactory and 
tactile senses. See Bateson, l.c, p. 214, 


VAKIABt.K IiK.‘’K3IliI.AN'f K IN MUJI BIBiA ! A, ICIi* Hf( 

yellowiBh-f^i't'pn in it very wliort tint**, tin* I'lmiit';*' 
hof^inniiif? in h Sav hh’oihIh. At iiij’lil. win ii it wwi 
afik*f|J it iMCiiuu’ lif;lit nii'l Htmw-iuldiin tl. In thr 
wiiiti r it |»r«l»Jilily '»«« iic(«Huit of tlM< w iu-i ity 

and monokniy <»f tlK- only iiwifft do t which coukl )«• 
obtainud for it. For iiHiny ilayK l« fi»ro di-aih il 
liecanui almoHt black and io«t all |Kn«<r of clmnniiin it ji 
colour. ItH woakoiH'tl norvoua »y»>t«'fn oithi-r ri a.m*d to 
rtspoiuUo tho infliicncri of lif^ld, or wjw unnhl«! to ino- 
ducnnny effect tijion tlio jtiiiim nt ri ll-4, whii h wrii ihuii 
paraiyaed, with tin ir jtigiiu itt |h riuaiieidly dilTuMod. 
Oret-n frofjjH hIho >'Mierully lii i uuiodiu k licforo Ihry di«n 

Explanation of darknew of blind animal* 

Home autlioritiew hnvo ninintaini'd that aii aidmid 
of a kind which poHWHW-s tin) jtowisr of alli ritiK 
colour Hhoiild, whim blind, l«fConic light- injitcful «if 
diirk-colonrecl. When the akin i« light •colon red the 
pigment in tho cella ia Mfrorigly ctjutracted, mo tlml the 
coloured aurfacci contrihuted hy each cellwcciipn « hot a 
MUiill apace, ami jirodun h hitl littbi elfwl ; when the nkin 
ia dark the coloured pnrta of the cdla are rehmed, and 
«tr«;ttd« out into the long hrtiitchtng prtKieaMea, «o that 
cjich dark Hurface laicotiicH an hirg«* «« posnible, The 
latter in evidi utly the condition of re«t, while conron* 
tratioii JB tho alato of activity. It is lh« reforo b» l« 
oxi«'Clcd that when tho colournd part* of cull** are 
cut of! from all stimuli, tlmy will la* |a?rniB»ently 
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relaxed, so that the skin will be dark ; nnd wo liave 
seen that aueh a result a(-tna!lj of<-ijrH. Wlirii a 
muscle is cut off from nervous .stimuli it iilsu niters 
a condition of ponnanent rt«t or relus.iilion. Thus 
when the face is paralysed on one side, the musides 
are relaxed and unable to baianec the rout rnetioM of 
those on the other, so that the face is drawn over 
towards this latter side. Tim contractions of a imjwle 
cell and those which take place in a pignuust cell are 
not essentially different; the former are far more 
specialised and powerful, hut hoth of them eshihit 
manifestations of that contractile jiower whicli is 
possessed hy the simiilest cedis. It is therefore of 
interest that hoth should behave in a similur manner 
when cut off from the nervous Hystem which providiis 
the stimuli under which hoth normally contract. In 
1858, Sir Joseph Lister showed that tile coloured 
part of a pigment cell coidriwts independently of the 
cell itself. Cells are now recognised as eomjjosed of 
a network containing a glassy substance in its meshes ; 
pigment granules arc only ccmtuiiu'd in tlic network, 
and, as this contracts, it carries them iinvartls from 
the long branching processes towimls tim (rentre of 
the coll. 

loss of colour in cave-dwelling animals 

On the other hand it has btam argiietl that iho 
ProUuK, a blind amphibian living In the imdergroftml 
rivers of Carniola Mid Carinthia, is light-cobuin d, 
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and that other Wind nnimaW livint; in dsirk r.-ivf rnn 
aro oftfcii iviuto. In lli« iiinjorify i»f «■« w . f hi > t i loit 
is umlouhtodly du** t«> tho M>'*‘dnHl uf 

the usek'KH pigiBi'iit, and m»t to th«’ siniv** idn. 
traction of the »trm;lurort in whiidi it in iiHindl) » un. 
taiiifd. Just a» the utaksH oyi- !»w rudi- 

mentary in these anitnitls, so has the Msi less erdoiir 
grfwlually diHapiM^arod from idle Mkiti, Tlie cnerfiy 
accc.'Bsary for the [inwim’tKfii and luaiiin naiu if i.f stndi 
structures has iaen divirhd, «illi«r wludiv »•( in 
part, toother and morf ii eful » nd t. In i)i> 
however, the degcrieraiion is as y* i iiu ninph t«t, f^r the 
skin still retiiiiiH pignn iit t ells. An individtui! now in 
my jiOHHossitai has jinnlunlly heenmi! nstieh darker siMve 
its reiufivjil from the l•ave iit Ad*dsla<rjg. It is priiltnhle 
that this result has followed fmin the direct i {k rt of 


light ujwm the skin ; for it is known thiil superfn h»l 
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shrimps and prawns Imry tliKUisflvcH in thf wand by 
day and swhu about at lUKlit, exactly like tin- luiiiijurwl 
animals.' 

The seasonal change of colour in northern mammal* 

Tho well-known fact that nmtiy northcJii ijinid- 
rupeds become white in winter has given rise tr» a 
great deal of discuHsion as to the manner in which 
the change is brought about. Knnie have maintained 
that tho animals simply acipure a in w eojit of white 
hair which conceals th« darker fur la Ueath, while the 
long hairs of the summer eoat are helieved to be shed. 
Others believe that tlit-HO latter ni tnaHy chiinge and 
become white, and that, uilhough an abundatiee of 
new hairs also appear, nothing is Hin d. Most ob- 
sorvers agree that the white hair is shed at the cIohh 
of winter: this is of etairso imbpendi iilly m-ees- 
sary, in order to reduce the thickness of the wint»>r 
coat. 

I shall bring forward what appears to he eonrhisivr' 
evidence that the latter view is tho right one, at any 
rate for certain siHicies. But howover tint change is 
brought about, it will be rightly cftnsidered in this 
part of tho subject, if it can Ihj proved that it is calbat 
up either directly or indm^tly hy the Hlimtdus pro- 
vided by the external conditions, and is n«»t merely a 
contemporaneous change, harmonising with ihoKe in 


vAMABiM umimmASi'H m 4:1 

tlie siirrutiiirliiigfi* Tli«-^ f4iiij4r*4 vir w - I 

millti4 Wiiilltl ti«'y t*'» timt nrh* I'.-m) 

fii¥C)iirt‘«l fill f*itrii *4 n «liil*- i- r 

tile m%lt«*r tllill if ii*» ^l^ll«I.Cli 

jiortccl l«i tilt* i?cjniilfir, II .^iiwikr 
place lit II cnrrr^jMiiMliiig lii$i*% If lii*- 

tlltlS llli/ri4}M‘ti|||<4ll}W:irrt^ li'llli^lil 411 ’4 4 

plijuiyltigkiil rrliilkli tu l!if^ Miirr« 4 iiir 4 iiiff«, it 
mqmm tliiiciiiiii*iri in tliw i*rr^%kmn !-$• ii 

woultl 1 j© jirediely piirjilM 4Au.^ t.iuj <■! i>lu- 

larva cjf tliii Prirri lluvJi tihlr- 

wlietlier it will tkfH'end i.ij.i--:i %hiih iktn^h 

it will lianiP'iriiHr, t^r n tmi il i#iil 

pp. - -llli. If IS* lliiii ilip 

cliiirige Ilf 144111111 pMi 4 '}y Ar<"iic mmumh ^4 llii.^ 
kii'icl ; blit it iiiii4 Im. rrnii4iil«i‘r*'<l llinl iiiiitiy 
llljillllllfl rmigi* miiltlimiird itibj dif4rkU mfirn^ lb«> 
wiiilii efiiil wcmbl hi in tiuii 

the liiglit?r pnwrr nf Vmmhk l-iwh-rtirr^ Ik 
wiitilci in^ Very luaiejir-kh 

II 1 I' ifjtll l^f itill h, l3*l%-#‘Vi44 rmr «•: lilt .;y.,j I 

lilillM t4i«w Ili4i i» rmisuii i^p.-rirn lli.- r.liiiiiiL*. m 
c<ili.itif ifi pfiVf^i^ibigii^illv 4 lip. » 

like Ihf* riiiiiige i« r^-iktir f4 n li^h mlnrli 4* j^-tpjii: 
eii tJie n flreli 4 hgbl it-i f-y*-, ,| 

f4 flir jfptb^lilt’ llllkirr i4 thr, pisyiafilwnirsii 
k bithr ihkm-d iiiitil iilirr «lir . . 
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Sudden change of colour determined hy sudden 
exposure to extreme cold 

A clastiical experiment made l»y Kir J. con- 
siderably over fifty years ago, kijciiih doeiaive on the 
above-mentioned point, hh far ns the Hjaeirs es- 
perimonted upon is concerned. A JIudwin'H Bay 
Lemming kept in the cabin, and tlum Kliielditl from 
the low temperature, retaimul its smiinMir coat through 
the winter : ‘ It Wiis accordingly placed on d,*k in a 
cage on February 1, and ncixt morning, iiftcr having 
been (ixposed to a temiKiraturo of JIO Im'Iow xt-ro, the 
fur on the cliO(*ks atid a patch on each shouhh-r had 
become irerfcctly whit<!. On tin* following day tho 
patches on each shonlder had esitended consideriihlv*. 
and tlic posterior part of tlm laaly and tlanka had 
turned to a dirty while ; during the m^xt four days the 
change continued but slowly, and at the end of a week 
it was entirely whit©, with tlas ••sception of a dark 
band across the shoulders, prokirigetl jawteritwly tlown 
tho middle of the hack. . . No further ehangi; kaik 
place, and the lemming died of tlie cold on February 
18, the thermometer having las n bdween ;f(t ami 
40“ below zero every night. 'On examining ibe 
skin it apimred that all tho white jiarts of the fur 
were longer than the unchanged {wrtiotis, aitd that 
tho ends of the fur only were wlnte «o far as tliey 
exceeded in length the dark-colnured fur; and by 
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removing these white tips with a pair of scissors it 
again appeared in its dark summer dress, but slightly 
changed in colour, and precisely the same length as 
before the experiment.’ ^ 

This experiment conclusively proves, — (1) that 
the external condition itself provides the cause which 
brings the appropriate change in colour ; for the 
animal did not change until subjected to the con- 
dition ; ^ (2) that in all probability the cause is a 
lowered temperature acting upon the skin ; (3) that 
the existing dark hairs become white at the tips ; for 
we cannot well believe that a fresh growth could have 
overtopped the existing hair in a single night ; (4) that 
the whitening hairs grow suddenly and rapidly. 


ITature of the change of colour in the American Hare 

The same conclusions are also supported by some 
extremely careful observations conducted by T. H. 
Welch upon the American Hare {Lejpus Americamis) 
in New Brunswick.^ In the latter district the animal 
keeps its winter coat till May, when it is gradually 
shed, the change being complete in June. The winter 
coat gradually develops in October and November, and 

^ Sir J. Boss : Ap;pendix to Second Voyage^ Nat Hist p. xiv. 
1835. 

2 TMs conclusion is also supported by the fact that such changes 
occur earlier when the winter is exceptionally early. Concerning 
the Alpine Hare, see Tschudi, ThierZeben der Alpenwelti p. 300. 

® Proc. Zoot Soo. 1869, p. 228. 
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is retained from December till the end of April. The 
appearance of the back and sides in summer is ^ glis- 
tening fawn-colour interspersed with black, especially 
over the vertebral ridge.’ The colour is conferred by 
long thick hairs (the pile) covering a woolly under- 
growth of a slaty colour. 

Early in October the first changes appear ; the 
whiskers become white at the tip or in some part of 
the shaft, and a few of the longer hairs on the back 
also become white at the tip or throughout. At this 
time there is no addition to the summer coat, only a 
change in the colour of existing hairs. The changes 
advance during November, and on separating the fur 
a new growth of stiff white hairs is seen over the sides 
and back : these grow rapidly, while the long hairs of 
the summer coat also grow and become white very 
quickly as soon as the new hairs appear on the surface. 
^ The shaft of the hair of the new growth is invariably 
white, a circumstance which renders it easily distin- 
guished from the autumnal hair in process of change.’ 
This change is most frequent at the tip, proceeding 
downwards, but it sometimes begins in the middle, 
and occasionally at the base. ‘ The whiskers, which 
apparently do not lengthen but merely alter in colour, 
will demonstrate each variety. 

‘ Thus the winter hue would appear to be brought 
about by a change of colour in the pile of the autumnal 
coat, combined with a new hybernal white crop, the 
latter undoubtedly playing no small part in the 
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colouring process and in the thickening of the fur. 
There is no indication of shedding : an increase in 
length ensues over the whole body.’ 

There is considerable individual difference in the 
time of change : it sometinaes commences before the 
first fall of snow, indicating that the stimulus is the fall 
of temperature affecting the skin rather than the 
colour affecting the eyes. Great differences are seen 
when the same species is followed into other localities. 
* On the seaboard it (the winter change) is postponed 
in comparison with inland districts in tlie same lati- 
tudes.’ In Hudson’s Bay Territory it changes early 
and carries the winter coat till June, while no change 
of colour takes place in the winter in the southern 
parts of the United States. An individual kept in a 
warm barn at St. John’s, New Brunswick, retained the 
summer colours. 

The consideration of the Hudson’s Bay Lemming 
and the American Hare lead to the conclusion that all 
species in which the northern change does not occur 
in the southern individuals, possess the power of Vari- 
able Resemblance. It is possible that the change is 
merely contemporaneous when it occurs uniformly in 
all individuals of the species, and it is at any rate 
probable that it would soon become so, because the 
extreme complexity of the mechanism by which Vari- 
able Resemblance is brought about would need the 
constant operation of natural selection to keep it in 
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a state of efficiency. This conHidcration in 
deferred until after tin: probalile nature of tin: 
mechanism has been discusHcd. 


The physical cause of the change of colour 

It is now necessary to intiuirc! jntf> thfi hcIuu! 
physical cause of the change in appeurnnee. It has 
already been explained that the dark colour dcpwids 
upon absorption, while the whitejH'ss depends tn>o» 
scattering of light. The former is occHsioned by 
pigment gi'anulcB, the latter by iricludi^d gas bubbles. 
When the latter are sufficiently iibnndiint, flu* hair 
becomes white in spite of the pigment ; if then tin: 
gas were absorbed tlu; dark colour would be restored.* 
It appears to bo w<;ll aulla nticated that ifi cerlaiii 
cases patches of human hair have become wliite 
during some nervous attack, again becoming dark til 
its cessation. Such changes can be cxplaini’d by the 
evolution of gas (probably carbon di-oxide) at th« IwsB 
of the hair, and its subsequent absorption (probably 
by some alkaline fluid). It is thereforo probable that 
the nervous system can so modify tlio processt s (nking 
place in the cells at tlio base of the hair m to cause 

‘ This explanation only applies to Uw flitkUiis rfsik hain «lt»A 
become white. It b very improbable tlmt any jiisitin »»l in the 
new haiw which up the great part ut the wii)t>*r rt«l. 
in testing the explanation offered above, tlio intui be Mibcteil 
with the greatest oare, and the inveatigation ulnintd U- cun.liirl* 4 in 
connection with an experiment like thatot Sir 4. <«n" pp-iU UJq, 
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the formation of gas bubbles. The many recorded 
cases of hair turning 'white in a few hours as the 
result of some strong nervous shock are to be explained 
in the same manner. 

That the change in the long autumnal hairs of 
Lepus Americanm is due to the appearance of large 
numbers of bubbles is rendered probable by an exami- 
nation of Welch’s figures and descriptions. He speaks 
of the white part of a hair being much broader than 
the coloured part, and containing additional rows of 
^ cells.’ His ^ cells ’ appear to be bubbles of gas, 
and he draws them with the ' characteristic dark 
borders. It must be remembered that the dark parts 
of a hair also contain bubbles, although in smaller 
amount. 

The change in the hair is indirectly caused by the 
change of temperature 

It is extremely improbable (to say the least) that 
such changes as the evolution of bubbles, and above 
all, the growth in length, are the direct result of a 
lowered temperature on the hair itself. That they 
are indirect results, through the nervous system, is in 
every way probable, and is furthermore in harmony 
with certain well-known facts concerning the regula- 
tion of temperature. 

The direct tendency of cold is clearly to diminish 
the activity of those processes upon which the pro- 
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duction of heat depenclft, JhbI m it wmihl l. nd lo 
diminisli rather than iiroiiutti' tin* growth of hnir. 
This direct effect is ohvioiiH in iinimal'i whic-li un- un- 
injured 1)y variations of teropc ralure. ‘ T!i«- hfaly «f 
a cold-blooded animal hehiiveH in thin n likt » 
mixture of dead bitlwtmu-eM in a fhi'iiiihfb retoit : 
heat promotoH and eold retards chfiitifnl art ion in 
both cases.’ But the higla r vi rti-lujiti h m e warni- 
bloodod (homotherinic),and sueli diiri-t elTicls of eold 
would be fatal. ‘ In theses nnimuls tin it i« obvimihly 
a mechanism of some kind couuti rfieting, and iudi-od 
overcoming, those more direct elb'rts which alone 
obtain in cold-bkMided animalH.’ The iiitiuence of 
cold upon the nerves of the skin constitutcH ii stimnhis 
to that part of tho central nerv«tus svsti-ni which 
regulates tho itroduction of heat ; thus cold ijo/im rh/ 
increases tho amount of heat, and tlie temjwratiire 
of tho body remains constant. I may tmaiiion that 
the amount of heat priHluced in the iKKiy at any one 
time may be gauged by tlie niuoimt of oxygen alo 
Borbed in respiration.' 

It is in every way probable that sucli changes in 
colour as that of Kir -T. Boss’ Ijemniing and the 
American Haro are also indirevthj causHt by tin* cold, 
which we may Huppose acts as a stimulus to that part 

^ For a further account of III# rc^tililkiit of 
rrofessor Miohaol from 

sentences are tekim. I ow« llie correct mI ilif- 

cauic of the change of colour t© a cotiffewatioii wilii 
Faster. 
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of the nervous system which presides over the nu- 
tritive and chemical changes involved in the growth 
of hair and the appearance of the bubbles. 


Probable variation in susceptibility to stimulus of 
cold in different districts 

In the northern part of an animal’s range, natural 
selection would favour great delicacy in the adjustment 
of the mechanism by which such changes are produced, 
so that the winter coat would be ready in time to 
harmonise with the mantle of snow. Conversely, 
extreme delicacy would be a disadvantage in the 
southern part of the range, if the climate were such 
that the snow did not lie on the ground for any great 
part of the winter. There is abundant evidence of 
variations in the delicacy of adjustment, upon which 
natural selection could operate. 

Mr. F. E. Beddard has directed my attention to 
three Arctic Foxes [Canis lagopus) from Iceland, which 
have been in the Zoological Gardens since 1887. 
One ^ of these turns perfectly white every winter, while 
the other two remain dark. 

The stoat always becomes white in the alpine 
districts of Scotland, frequently in the north of Eng- 

^ WEen I examined this fox on October 14, 1889, the change in 
colour was nearly complete : there was, however, a grey patch of hair 
on the back which was certainly moulting. It is possible, therefore, 
that the change is ef eoted in an entirely different manner in this 
species. 
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land, occaBionally in llu* MidlniulH. luit! Mr. Cuticli 
has seen two white stoats in Corrnvall.' It wwdd he 
extremely interesting to take a nuuiljer of Beotch 
stoats to Cornwall and an ecjunl number of Cuniisli 
stoats to Scotland, in order l«i ti ht wlietli* r this 
soutliorii indivi<lua!s are ieuM siiseejilibli- lu fliangf 
than tho northern. It is likely tliat the gri ut differ- 
once is not wholly to ho osiihtined hy the n-hition t»f 
northern to sonthern toniporHture, hut ul iiny rate 
partially by the fact that tin* ciiange is disndvuntngi'OUs 
in most parts of England ; for it would render the 
animal conspicuous against the pn vaiont tints »if a 
midland or soutluirti wiiitor. Of eoiirse, any such 
disadvantages implies that naluml seloctiot! would 
gradually hlunt tlui Hiisceptihility of the apparatus hy 
which the change is prtnluced. The rare eases of 
a change of colour in Cetfiiwall are* prohahly eosaiiiphis 
of a formerly heneficial susceptihihty, as yet unaltered 
by natural selection. 

Loss of susoeptibiUty to ftiatBlas of cold in anlntnli 
wMcb remain white all the year 

Such a nervous inejchanism as that to whii h ! h.tve- 
alluded, would lee of the highest intriirHey and eotn- 
plexity, and would Hiiecdily ioso its ellieiern y unless 
constantly pr^ervetl by nsttiral seletdion. 1‘lms 
certain Arctic animals which remain on the snow 


' Bell : Urituh Quadrupetk, Meond idiliuft, |<{), iifil itui, 
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nearly all the year retain the white coat permanently, 
and there is no need for the mechanism by which the 
change is produced. And yet in certain species we 
may feel sure that such a mechanism existed under 
former conditions. Thus the Arctic Hare {Lepus 
gladalis) usually remains white all the summer ; oc- 
casionally, however, it becomes greyish, the change 
of colour being limited to the points of the hair : 
the young are born grey, but change to white at 
their first winter (Welch). The latter change 
appears to be independent of cold, for Sir J. Boss 
speaks of a young hare turning white as early as 
those running wild, although in a temperature not 
much below freezing. This observation forms an in- 
teresting contrast with the behaviour of species pos- 
sessing an efficient nervous mechanism (the Hudson's 
Bay Lemming and the American Hare) when shielded 
from a low temperature. 


The white winter coat chiefly for concealment, but 
may also help to retain heat 

Certain northern animals, especially those fre- 
quenting trees, do not become white in winter : this 
is true of the Glutton {Gulo Imcus). Occasionally 
dark winter individuals occur in species which as a 
rule change their colour regularly: thus, a black 
Arctic Fox is well known, but its rarity (Sir J. !]5^oss 
found three individuals out of fifty white ones) prob- 
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ably indicates that it is, as we shoultl (ixpect, at a 
disadvantage, and that it will disiippcjar. Mr. Wallace 
considers that the dark colour of arboreal iifirthern 
animals, which is clearly for conceahnent, disproves 
the theory that the white colour is of value iu retain- 
ing animal heat. But it does not follow that such 
benefits are wholly non-existent, beeaiise they must 
ho dispensed with under the jiresHure of a stronger 
necessity. ^Ir. Wallace's argument shows that eon- 
coalmont is the paramount necessity : hut this does 
not disprove the opinion that other advantages also 
may be conferred by one particular mcKle in which 
concealment is attaimal. 

The seasonal change of coloar in northern birds 

The same convincing evidenct,* as to the* nature of 
the change, and the manner in which it is brought 
about, has not yet l>een brought forward in the cnsi; 
of birds. Mr. A. H. Cocks, who has had a very wide 
experience of northern animals, believes that it is at 
least partially due to a change in the autumnal 
feathers. Ho writes: ‘I have sotne Bpecimcais of 
Laf/opm (various species) showing brown feathers 
with white tips, and in one species, at any rah*, the 
converse.’ Mr. E. Bowdlcr 8harp<i do(‘s not however 
think that the evidence of a winter change in (ssisting 
feathers is sufficient.' He has ncverthelesH proved 

' H. Seebohm thinks it ‘ pousible that th« white winter featln rw 
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that olliiT ehaiigt’K of colour tio ociair, ns will in- hk ii 
in the foilowing puBHagu from Ium moBt iiittri'Hting 
paper. ‘ 

* Let any one who douhtB tho pftBsihiUty of mark- 




Biifli US tiiosii OH tht*Cirri4itiiiifl ¥i%lmm iiitf!ttriiiii|| 
gritdiially ehiingod without an iiiliiiia'dirit#* itifiiill, 
Ktinly tlio c-liniigim by t-ho atittirrnm Hjwirrow 

Iliiwk ill its |ircigroHB townrck iiiiitiirtly. lipriont! 
eliiiriietffristie of tlio sjiifeiim of At^ripii»^r in to ii 



ri»« i'^< pp;. t% 



Htrij««! jiliiiaago whim yoiiog mnl a iMirr* *! drt.MB wIii h 
old. But it h not gcmirally known that thia in 
cfToetwi hy » gradual l•hslllg«i in tlii- imuliiiig-i of tho 
foather, and not hy an aotunl moult. <)« flu fir^it 
appcaranc’i; of tin* fi ath»?ri' from ihi- downy « ov< i ini» 
of till; ni'Htliiig, till! iiinrkingM on tho rln-ht hi*- longi 
tudimi! drojw dig. IH ) of a puli rufotiHdirowri l•o!our. 
Thr* gnnitm! diawdution and hrrnking up into thn u 
imra i» hIiowii itj fig. l‘». wimti tho tMtr*f aro 

prrfi'iily dii%'i iojMd a alindi* of darkitr hrown mi-r- 

i**i p^lirrtir ill 

wliirli i?i|»ir*t4 In ■ ■HnUnh ihrd§^ %«!, n, 

p* l*if» fi. 

^ Mwidt lilS, pp. Ill #1 
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spreads the upper inargiu, griiclitiiily eelipHiiin iJie 
rufous-brown shade, which reuiiiitiH fhe of 

the previous plumage (fig. 20j. Jhiic«:» lire bIiowii 
two successive stages of the clevelopirieiil of flic cliirk 
brown shade whicli at last removes ri.ll. IriieeH of the 
reddish tint (figs. 21 and 22).' 

If the winter change does not oreiir in the 
autiimnal featluu’H, it by no iiicmiH follown tliiil 
the power of Variable lleHeiiibliincii ih nliHiiit. Tlit^ 
growth of new white feathers niiiy be iiidireetly dii«* 


fjHKll 


to the cold, acting through the niedium of the norvoui 
Hystem. This is, however, very far from Iseing |>rovt'd ; 
for it does not appear to ho certain that there is a 
single species becoming white in winter which retains 
its dark colour at this time of the year in tho soulhorn- 
most part of its range, 

Mr. A. G. Billups, of Niagara, Ontario, tells nns 
that during an exceptionally mihl winter, ahoul 
seven or eight years ago, neither the * snow bird ’ 
nor the American Hare acquired the winter dri'sH. 
Hence the power of Variable Keseinhlance appears to 
he possessed by certain birds. 
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Variable Eesemblance of northern animals most nearly 
related to that of certain insects 

The acquisition of a special winter covering as a 
response to the stimulus of cold is most nearly related 
to the Yariable Eesemblance exhibited by many cater- 
pillars and chrysalides. It will be shown in the next 
chapter that these latter changes are similar to the 
above in that the stimulus (of reflected light) acts 
upon the skin ; that the results are in all probability 
indirect, and take place through the part of the 
nervous system which regulates the production of 
colour ; finally, that far greater time is required for 
the accomplishment of the change than in those 
animals in which the stimulus acts upon the eye, and 
in which existing pigments are arranged instead of new 
substances elaborated. 


Eapid adjustment of Colour in certain invertebrate 
animals 

Certain invertebrate animals, however, possess the 
power of rapidly adjusting their colour to that of their 
surroundings. It is well-known in Crustacea, and is 
probably very common among them. The power has 
been proved to depend upon the eye as among the 
vertebrates. Some cuttle-fish also can modify their 
colours in the same manner, with remarkable pre- 
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cision and rapidity. The nisemhlanee 
certain individuals of Ovulian and the rose-coloured 
coral, and between other individuals and the yellow 
coral (seepp. 70-71), is probably due to the existence 
of a power of adjustment; but this suggestion needs 
experimental verification. A fact nu'ntionwl Ity ^lorse 
is oven more convincing; he statcH tliat individuals 
of the same molluKcan species occupying difTerent 
stations are dilfm’cntly colourtid, and he quotes from 
Dr. A. A. Gould the observation that the colour of all 
the shells found in the sandy harbour of i’rovimadown 
is remarkably light.* There is no evidence as to 
whether the change in colour, if produced at all, takes 
place rapidly or slowly ; but the latter is the more 
probable in these animals. 

Professor Stewart found four or five bright red 
individuals of the Nudibranchiate mollusc Airhitlorh 
t’uherculata in a mass of bright red siionge {fTiiinrnia- 
eidou sancfuinea) upon which they wi-rc feeding.* 
The colour was very different from that of individuals 
taken upon another sponge {HaUi-lmiiilrin), The ob- 
servation strongly suggests the existence of n jsiwer of 
Yariable Protective Kcsernblance, although it is possildu 
that the colour of the food may be made use of. 

It is very likely that Varialde llesemhlance will 
be found to occur far more generally than has hefm 
hitherto supposed. 

* I*rac, Ikmttm Bm. Nat. tUnt, v«L ii%% April B, W71. 

" W, (iamfcang, U. p. 177. 
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VariaWe Resemblance, Protective and Agfgressive 

As in so many other cases, the specialised form of 
concealment by the organism resembling its surround- 
ings treated of in this chapter may be either Protective 
or Aggressive ; it may enable an animal to escape its 
enemies or to approach its prey unseen. Frequently 
it may be turned to both uses by a single animal. 
Thus the green tree frog is probably aided in cap- 
turing the insects on which it feeds because of its 
close resemblance to the leaves around it ; but it is 
also protected in the same manner from the animals 
which prey upon it. Thus Mr. E. A. Minchin tells 
me, from his experience in India, that tree frogs are 
sought for with especial eagerness by snakes, which 
greatly prefer them to others. It is probable that 
this power when possessed by a vertebrate animal 
nearly always bears a double meaning, although a con- 
sideration of the different instances will show that it 
is especially Protective in some and especially Aggres- 
sive in others. In the next chapter we shall meet 
with a large number of cases briefly alluded to at the 
beginning of this chapter, in which the power is in 
many respects different, and possesses an entirely 
Protective meaning. 


no 
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CHAPTER VIII 

VAlilABLE riiOTECTlVE HESKMBLANCE IN 
INSECTH 

No insect is known to possess the power of rnpidly 
adjusting its colour to the tints of its surroundings, 
and it has not long boon known that any powi^r of 
adjustment exists. There is still a great deal to lx* 
done in finding out the extent to which tho janver is 
present, and in further investigating the physiological 
processes whicli are involved in its f)[)eratiou. Tj) to 
the present time tin? Lepidoptera (huttf rtlies ami 
moths) alone have hojui made the subjects of in- 
quii-y, and we know nothing of otiu r insecls in this 
respect. 

Many caterpillars and chrysalides have been prj jved 
to be capable of adjusting their colours to tlioso of ti»; 
surroundings, and it is also known that cu<rti»in < ntcr- 
•pillars can construct cocoons of different colours, w- 
as to harmonise with the environment. The latter 
extremely interesting example of Variablo Protective- 
Resemblance has been very insufficiently investigaled. 
It is also probable that a relatively small number of per- 
fect insecls possess the same power ; but in this 
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{Ur apteryx sambucata) becomes light-coloured when 
the caterpillar has been placed upon white paper 
shortly before pupation (see fig. 23). The chrysalis 
is usually dark (see fig. 24), and is contained in a 
cocoon which is formed of the brown fragments of 
leaves or twigs spun together with threads of silk. 
The cocoon, which is suspended from the food-plant 
and swings freely, is so loose and open in texture that 
the enclosed pupa is easily seen, and is in fact as 
exposed as that of many butterflies. 

The chrysalides of butterflies are generally freely 
exposed, and many species have been proved to possess 
the power of adjusting the pupal, colour to that of 
the adjacent surface. Such pupse are often suspended 
head downwards from a boss of silk, to which the 
hooks at the posterior end are affixed ; or they are fre- 
quently attached horizontally, or in a vertical position 
with the head upwards, by similar posterior hooks and 
a strong silken girdle, which is fixed on either side to 
the supporting surface, and. which sinks into a groove 
across the back of the pupa. The group which in- 
cludes the Tortoiseshell and Peacock Butterflies adopts 
the former mode of suspension; that to which the 
‘ Garden Whites ’ belong adopts the latter. 
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The History of the Discovery of Variable Protective 
Eesemblance in the pupae of Butterflies 

In 1867 Mr, T. W. Wood exhibited to the Entomo- 
logical Society of London ^ a number of chrysalides of 
the Swallow-tailed Butterfly (PajpiKo mac/taori), and of 
the large and small Garden White Butterflies (Pieris 
hrassiccB and P. rapa), which corresponded in colour to 
the surfaces to which they were attached. Dark 
pupae had been found on tarred fences and in subdued 
light ; light ones on light surfaces ; while green leaves 
were shown to produce green chrysalides, at any rate 
in certain cases. Mr. Wood’s inclusion of the chrysalis 
of the Swallow-tail, with which he states that he was 
imperfectly acquainted, was most unfortunate, and 
doubtless prevented his suggestive paper from gaining 
the success it deserved. It is quite true that this 
chrysalis appears in two forms, being sometimes green 
and sometimes dark grey ; but, without sufficient evi- 
dence, it was unwise, although most natural, to assume 
that these colours could be adjusted to green or dark 
surroundings respectively. I have since tested the 
chrysalis, and as far as- my experiments (which were 
/ with small numbers) are conclusive, they show that it 

has no power of adjustment.^ In the discussion which 
fSilowed Mr. Wood’s paper, Mr. Bond stated that ‘he 

' Proc. Ent. Soc. 1867, pp. xcix.-oi. 

* Phil. Trans, vol, 178 (1887), B. p. 406-408. 

j: 
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had had thousands of pupa; of PiqiiUo imii'lutini, nutl 
had often had the brown variety of pjopa on it green 
ground colour, whilst in some seasons lie had obtained 
no browii specimens at all.’ 

In spite of this unfortumite mistiike, IMr. Wood 
adduced (juite snflieient evidence concerning the 
Garden Whites to slinw that tht; subject was worth 
investigation. But the great e.'cample and the great 
principles of Darwin had not penetrated far into the 
mass of naturalists ; and distinguished entomologists 
preferred the expression of an adverse opinion, to 
making an easy experiment upon one of our commonest 
insects. 

Mr. Wood also stated that tlie chrysalis of the 
Largo Tortoiseslutll Butterfly [I'ltnema poli/cMonm) was 
coloured like a witliered elm-leaf, wlien snsiamded 
among the foliage of the elm on which its eater|»jllar 
feeds. Its colour was then light reddish-brown with a 
cluster of metallic silvery spots, lint when suspended 
from a wall, the metallic spots m n not {irmhiced, 
and the pupa was of a mottled greyish ctilotm. 'flu's 
observation led Mr. Wood to concltido * that by the 
proper use of gilded surfaces the gilded chrysiiliduH of 
Vanesm, and perhaps of other genera, would he ob- 
tained’ ; and he added, ‘ I hope to k* able to try the 
experiment next sc-asmi.' If this intontion Intd betn 
carried out, such startling results would have 
obtained that opposition would have broken «lowii 
before them, and the comliiued resi-urcims of many 
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naturalists would have hw ii hrmight to hnir tijion tho 
subject. The experiiiiint, litnvever, was not miwle tiU 
nineteen years later, when I was led to do ns Mr, 
Wood had proposed, although tmawnre at the liintt of 
his suggestion. 

Nevertheless, during these nineteen years, gradual 
confirmation of Mr. Woofl’s central position was 
afforded. In 1878 Professor Moldola sufiported the 
observations upon the chrysalides of the ‘ Garden 
Whites.’ He compared large 
numbers of individuals, and 
found that tho piipie ui»on 
black fences wvrv darker 
than those upon walls.' 

In 1H7 I a j»ap« r by Mrs, 

M. E. Barber, ami coinniu- 
nicated by Mr. Darwin to 
the Entomological Bociety 
of London, was printed in 
the TrarwsetinnH of that 
society.* Mrs. Barber had 
experimented with a eoni- 
nion Houth African Hwiillow- 
tailf!!l Bntterlly (Pttjnlu, 
nirruH), and had found the 
ehrysalis wonderfully Hi<nsi- 
tivf! to the eobairs of its environment. When tlie 
pupa* were attached among tho dot^p green leavrfS of 
* /<»(!, Siterttne, isva, p, 133, » lifi, p. siu 
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the food-plant, Orange, they were of a similar colour 
(see fig. 25) ; when fixed to dead branches covered 
with withered, pale yellowish-green leaves, they re- 
sembled the latter (see fig. 26). One of the cater- 
pillars ' affixed itself to the wooden frame of the case, 



riG. 26.~The pupa of PapUio nii'em 
attached to plant {VepHst lanceo- 
lata) with withered yellowish-green 
leayes. 



Fio. 27.— The pupa of Papilio nireus 
attached to woodwork. 


and then became a yellowish pupa of the same colour 
as the wooden frame’ (see fig. 27). The case was 
made partly of purplish-brown brick and partly of 
wood, and one of the pup®, attached close to the 
junction, was believed by Mrs. Barber to have assumed 
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both colours, that of the brick upon its back and that 
of the wood upon its under surface. My experiments 
upon the chrysalis of the Small Tortoiseshell Butterfly, 
to be described below, do not support this conclusion, 
and it is a common thing for the colours of pupse to 
differ greatly in the dorsal and ventral regions. Mrs. 
Barber also tried the effect of scarlet cloth, but little 
if any influence was exerted. 

Mr. Mansel Weale also showed that the colour of 
certain other South African pupae can be modified,^ 
and Mr. Roland Trimen made some experiments 
upon another African Swallow-tail ^ (Papilio demoleus, 
common at Cape Town),confirmatory of Mrs. Barber’s 
observations. He covered the sides of the cage with 
bands of many colours, and found that green, yellow, 
and reddish-brown tints were resembled by the pupae, 
while black made them rather darker. Bright red 
and blue had no effect. The larvae did not exercise 
any choice, • but fixed themselves indiscriminately to 
colours which their pupae could resemble and those 
which they could not. In the natural condition the 
latter would not exist, for the pupae can imitate all 
the colours of their normal environments. 

Finally, Fritz Muller experimented upon a South 
American Swallow-tail {Papiliopolyclarnus),^ and found 

‘ Trans, Ent. Soc. Lond. 1877, pp. 271, 275. 

Described in a letter to me, published in my paper already 
referred to, p. 316. 

® Kosmos, vol. 12, p. 448. 
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that its pup®, although appearing in two dark i 

and green, like those of our own Hwallow-tnil, jiIho 
resemble the latter in having no [)ow»r of adj noting 
their colours to the HurroundingH. i 

I 

Theories as to the manner in which tho colours of such 
pup® are determined 

These observations and oxiM rimentH ha*! hreii 
made when I began to work at the Bubji-ct in IHMii : 
they appeared to prove that the janveri'crtainlyi xiHls, 
but nothing was really known as to tho inanmr in 
which tho adjiistuient is iitfeetwl, Mr, T. W. World’s 
original suggestion, that ‘ the skin of the pupu is 
photographically sensitivt! for a fe%v hours r,nly after 
the caterpillar's skin has hiM ii shed,' was aecejited 
by most of thoso who luul worked at the sHhject. 

And yrt tho suggestion rc-sted ti|ion no sharlnw of 
proof; it depended HiKH» a tem|4ing iail overstrain* d 
analogy to the darkening of the sensitive jihotogra|»hie 
plate under the action of light. But the analogy 
was unreal, for, as Professor Meldola stated in the 
discussion which followed Mrs- Barla>r'« r, ' the 
action of light ujam the sensitive skin of a piijia 
has no analogy with its action on any known jiliot<». 
graphic chemical. No known aubstance relaijjs js r- 
manently tho colour reHcuted on it by adjaemt 
objects.’ The suppoaod * photographic sonsitiveta ss ' 
of chrysalides was one of those deceptively fvaidlde wig. 
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gestions which are not tested because of their apparent 
probability. It would have been very easy to transfer 
a freshly formed pupa from one colour to another 
which is known to produce an opposite effect upon it ; 
and yet if this simple experiment had been made the 
theory would have collapsed, for the pupa would have 
been found to resemble the first colour and not the 
second. Furthermore, Mr. Wood’s suggestion raised 
the difficulty that chrysalides which had become ex- 
posed in the course of a dark night would have no 
opportunity of resembling the surrounding surfaces, 
for the pupal colours deepen very quickly into their 
permanent condition. In working at the subject I 
determined to pay especial attention to such ques- 
tions. 

Experiments upon the chrysalis of the Peacock 
Butterfly 

I began work with the common Peacock Butterfly 
(Vanessa lo), of which the chrysalis appears in two 
forms, being commonly dark grey (see fig. 28), but 
more rarely, bright yellowish-green (see fig. 29) : both 
forms are gilded, especially the latter. The gilding 
cannot be represented in the woodcuts- Only six 
caterpillars could be obtained, and these were placed 
in glass cylinders surrounded by yellowish-green 
tissue paper. Five of them became chrysalides of the 
corresponding colour; the sixth was removed imme- 
diately after the caterpillar skin had been thrown 
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oS, and was placed in a dark box lined with black 
paper, but it subsecjut-ntlj (k ciK tHt! intd a 
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pupa exactly like tlio otherH. Olivioiisiy the «Hr. 
roundings had excrciswl thedr iiitlueiiKc lufon. the 
pupa was removed. 


Experiments upon the ohrysalii of the Small Tortoise- 
shell Butterfly 

Boing tumbkj tr» fildain nmre larva- t,f thf^ i’*.nMK*k, 
I worked upon tin* alliwl KmiiH Tortniw-hhi II llnth-rJly 
(P cincHgii uriit'r/'), which cun he ohlaiia-d in i!)nni'in<if 
numbers. In the cxpirmiinlN rniiihicti d in IhWl, 
over 700 chrysalides of Ibis speciem wr r,- fiblainra and 
their colours recorded. (Ireeii sHfroiindiiigs were 
first employed in tlie hcjpf tlint a green hiriii of jiupa, 
unknown in the natural state, might he oblaiunl. 
Ihe results were, however, highly irregular, und there 
seemed to be no susceptibility to tho cohior. The |,ri|„e 
were, however, somewhat darker thuii iiatuil, «„d thi« 
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result gtiggj'fiti'il It triiil «if Bliu’k suir«*uiMli< 4 !'s fiMiu 
wliieh tho «lrmig» Hl * tTiJi tn w.-n- iit tm< i' tviui. •. .. 4 : 
th® pupit! %vi<re its It mil' «'Xf r«-iii«'ly wiili *'ii!y 

th® smailcrtt tnif®, uml ofn-n iiu tmr« nt »11. »( Ui. 

' goldun spots whirli nro ho ^•oll^»jtil•llous in l)i>' lighs* i 

forms. ThfHo nmiiltK sHggoHtoil ihi* uw? of whip' mu 
I nmndiiigs, whiidi appi'iirod likoly t«» prodiioo th*- iiuml 

j: opiWHite offi'fts. Tho ooloiuHof fHoirly Ifl** clirymtliih ^ 

! obtained under Mu-h roiolititoiK w« ro vi ly him ja i«iitg. 

Not only was th«‘ Idiu'k I’liiuucing iiuitn i an n i iilo 
absont, so that the popif w.r. ljKbt <«ilMiui 4, but 
there was oft« n an iiiiiii* OM> 4» v« Inpun ot «4 iho 
golden spots, so that in iiiiiiiy ( hhos lli<- wbob* Hurhiro 
of the pupa; giiUrn d with an ajjparont ini talhi* lustro. 
. Ho ronuukablo was tin* appi arnina’ that a iiliysirist, to 

whom I showid th«- ohryHiiliih-s, suggiwlt d thnl I IiimI 
I playi d him a trick an»l had «*vor« «1 thoin with gohl-h uf. 

Tht'so rtumirkublo rosults led to tlo mo' of a gilt 
background as oven iiioro likely t«* projlino Hn«l in 
tensify tin; gUttoring apja-iiranro. |Sy this r»(ot.oniot 
j I was led to niako tin* expi i itin nt whirh had !« » n 

; hUggohtod by Mr. Wood niintw ii ywirs Iwfor*', Tin- 

results rpiitfe juslitiod tho reasoning, for a tniirh higher 
I perccutiige of gilded i!hry»ftiide«,and Hlill wont rewark- 

I able italividual inalntnort, wero obtaititai Among lh« 




In order to roaliKo thoHc roKuUsil nmwM»i' 

that the appciinuu'o n-proHontisl hy C l) or (r»> is rnij 

rarely seen in nntitr<‘, osw pt when tlu- pujm is tlis* 


I eased. By far tlu* eomnioinst viirii tii s »i« 1 with an 


those ropresenlod hy CtJ, which nr*' then fore nillni 
normal forms. 


Special advantages o£ tiie SmaU TortoiiesheU for 
parposet of experiment 

From thfi results expressed in the tnlmlar furm 
given above, it was elenr that this speeii s whs very 
susceptible to surrounding colours, atid that black 
and gold produced the most opiKwik* (tlTe*-t«. Another 
advantage in the us© of this stsacks is the fuel that 
the caterpillars Uvo in companies, emh o{ whirh 
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^ '- , s >s . 

dm^Icipii Imn tlir* 

Etme liy krrptm ^ :.- 

lieri-flitiiry I*.. 4iif* 

elmitmiid ; hr ii mmimitv ui U4/. ^-..*** 

mntmn rmr mw iiiiii4rr4 Ur%m. »ii4 ^-*m4 rt. r. 1. 
furriiili tlic* mrnrml hf 

sMeriiigiiliO llm iikiii«li*ii«^«> ^dthr^ t ■ihUrm^u*-4 

to employ it for tlm imrMgt%ihn *4 i!«*^ H 

which th® eliiiiige of colour r-ilVrtrd, 

The pip® darker whmi rfwdwl 

Yerv in ih*- iiiv* prHinhh. 

of error wiiji ih-t^rn-d. It mhm 

iiiiiiiy iiidivifltirilf^ wi'p' rc4h«'‘i*'4 til ih' 

eeptililf' jii'rioil, %%liirli will h 

the ciid of liiriiii lif*> llpit «4 tl.* I 

iiffi'crlwl 'by iJiiil piirt <4 i\w- 4., h 

COlIHlitllied by lll»" li|il**ll ^4 iln J---.,,.; ■•„ I". 

WIIH tlw’rri^^ro iii:rri"««iry lllfc*' .i,. -ler 

relative j}r,%itioiif^ of th*- •tiiini, ssi Uo-, 

mr« fill rtjr«'rilli«iltTs to pj-:p' 0 ' ^-iJ;. -i .'i;|.e!<-- 4;:44 *o\2 

ill i‘iir}i roh*iir« *i K n^-v's^ iih-,- - m.4 

thill tlieiie jireriiOlfon#. li’* !•<- |grr# , SbariV f:4 Ir^' 

ikrlt-r pfipr, i*hu%%u in th»-^ I4il4« h» k i-y 

white iiiiil gill ^tirroiiiiiling*, ««;r« hm\e 

lierli iiifiiP-lim| by iniiliiiil pfo%#tiitly., tbal 

molthi liiiv* k#'ii rferi iiprfr- if iboi 

noiirri" ill rrr«.ir liiiil !ii:e'ii itlhiWM-ii im. 
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The period during which the colours of pupae are 
determined 

A very large number of experiments and the 
closest and most frequent observations were devoted 
to the determination of the time during which these 
organisms are sensitive to surrounding colours. It 
was first necessary to observe everything that happens 
to a caterpillar between the cessation of feeding and 
the change into a chrysalis, for I felt sure that the 
time of susceptibility lay somewhere within these 
limits. When one of these caterpillars is full-fed, 
it descends from its food-plant (nettle) and wanders 
about in search of some suitable surface upon which 
to pass the pupal period. This is stage i., and its 
length varies greatly, according to the proximity of 
suitable surfaces. Then the caterpillar, having found 
the surface, rests motionless upon it, generally in a 
somewhat curved position. This is stage ii., and it 
is also variable in length, but fifteen hours may be 
accepted as a fair average of the time spent in this 
position. Finally the caterpillar hangs, head down- 
wards, suspended by its last pair of claspers (larval 
legs), which are attached to a boss of silk spun at the 
close of the second stage. This is stage iii., which 
lasts for about eighteen hours, at the end of which 
time the skin splits along the back behind the head, 
and the chrysalis is exposed by the skin being worked 
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up towards tlui boss of silk. T!»'ii liif tni! f»f tltw 
chrysaliH in withdrawn from tin* interior of the nkia 
and is forced up the outside of tho hitPr, itiitil it 
comes in contact with the boss of silk. Contact 
immediately causcfs some of the mimerotw hooks on 
the end of the chrysalis to be tfntangled in the silk. 
During this apparently perilous operation the edmysa* 
lie is suspended to the larval skin, although difTereiit 
opinions obtain as to the exact method of its attach- 
ment. The sight is extremely intm -Hting ami beaiiUfnl, 
and the operation is ulmost always performed with 
precision and kuccchh. Ah soon as the pupa is linuly 
attached t(j the silk, it «aah avourB, hy tin* most violent 
movements, to get rid of the skin, and generally 
succeeds in detachitig it. 

Exact determination of the period of susceptibility 

The whole of the pi^riod liefciri' pupation, includiiig 
the three stages, iiuiy !«• i stimati tl at ulcut lhirty.«i’s 
hours. Even if the enterjiillais weif Miitccpiihli 
during stage i., no eih etivc r« «uHh eoidd he «»htained ; 
for they are tlien wandering over surfaces f*f %'aritais 
colours, of which few can he the same as that which 
will form the environment of the chrysalis. Afnny 
esperimenls were corifhictcd with the ol»jec{ of as 
certaining the exact period of aiwceptibility. l.arva' 
were exposed to one colour during stages i. and ii,, 
and llif'ti trufisferred to another colonr for stage iii,, 


126 


THE COLOURS OF ANIMALS 


while other larvae were exposed to each of the colours 
for all three stages : the effects were then compared. 
The results of the largest experiment of the kind are 
given below : — 


Degrees of colour 
(as before) 

(1) 

(2) 

Dark 

(3) 

(3) 

Light 

(3) 

(4) 

(6) 

a 

In black surroundings for all 
three stages . 


1 


5 


1 


= 7 

Transferred from black into 
gilt for stage iii. 

_ 

_ 


1 

5 

3 


= 9 

Transferred from gilt into 
black for stage iii. . 

L 

_ 

_ 

_ 

6 

9 


= 15 

In gilt surroundings for all 
three stages , . . ! 

— 

— 

— 


5 

7 

8 

= 20 
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This analysis speaks for itself. Stages ii. and iii. are 
both sensitive, but stage iii. is much less sensitive 
than the other. This is proved by the fact that the 
larvae which had been exposed to gilt surroundings 
during stage ii. and to black afterwards, were lighter 
than those which had been exposed to black during 
stage ii. and to gilt afterwards. In other words, the 
coloured surroundings, both gilt and black, produced 
more effect during stage ii. than iii. ; but both stages 
are sensitive, because the black and gilt surroundings 
produced still greater effects when they operated for 
the whole period before pupation. It must be ob- 
served that the caterpillars, in the experiment sum- 
marised above, tended as a whole to produce the 
lighter forms of chrysalides, so that the black did. 
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not ciiuKcf Jifivrly nuch Ktfcnig clToctH jib the gilt Bur- 
mindingH, The tencti'itj'y \vii« nvidently hereditary 
and tihared hy nil the cateridlhirH of the company, ho 
that wo havt! ii striking example of the errors which 
were eliminated hy keeping the companies separate. 

It is almost unnecessary to point out how com- 
pletely the old theory of ‘ photographically sensitive ’ 
chrysalides is broken down by these experiments. 
Not only is the adjustment of the pupal colours to 
their surroundings due to larval BUHcoptil)iIity, hut 
the larva itself has ceased to hi; highly Hensitive many 
hours before pupation takes |ilace. Ami this is to be 
expected, for during the latter part of stage iii. rapid 
changes are going on hi'Heath its surface, and the 
developing jiupa is becoming loosened from the larval 
skin which encloses it like a shell. Putting together 
the results of all the experiments, it is px’obablo that 
in tliis sjiecicH the influence of surrounding colours 
operates ujion thfi larva during the twenty hours 
immediately j»rec>eilijig the last twelve hours of the 
larval state. Henco stage ii. is the great period of 
HUm ptihility, and this is probably the true meaning 
of the limii H during which the caterpillar rests motion- 
less on the surface ii[»on which it will pupate ; while 
stage iii. has other mearuiigs connected %vith the rapid 
pupal diaelopnn.nt whicli i» taking place. 
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Determination of the part affected by surrounding 
colours 

Having thus defined the time of susceptibility, the 
next question was to ascertain the organ or part of 
the larva which is sensitive. At first it appeared 
likely that the larvae might be influenced through their 
eyes (ocelli), of which they have six on each side of the 
head. Hence in many experiments the eyes of some 
of the larvae were covered with an innocuous opaque 
black varnish, and they, together with an equal number 
of normal larvae from the same company, were placed 
in gilt or white surroundings. The pupae from both 
sets of larv^ were, however, always equally light- 
coloured, It then seemed possible, although highly 
improbable, that the varnish itself might act as a 
stimulus similar to that caused by white or gilt 
surroundings, and therefore the experiment was re- 
peated with black surroundings in darkness ; but the 
pupae of the two sets were again almost identical, so 
that it appeared certain that the eyes can have 
nothing to do with the influence. 

It then seemed possible that the large branching 
bristles, with which the larvae are covered, might con- 
tain some organ which was affected by surround- 
ing colours, but experiments in which half of the 
larvae were deprived of their bristles showed con- 
clusively that the sensitive organs must have some 
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otht;r f«»r tJi*' inipu' from both HotH of larvio 

were identiuAl. 

I was thus driven to the eoiicluaion that the 
general Hiirfaeo of the akin of tho caterpillar is sensi- 
tive to c(»!our iluring Htage ii. ami part of stage hi. 
In order to test this conclusion 1 wished to subject 
th(! tody of the same larva to two conflicting colours, 
such as black and gold, producing the most opposite 
offccts upon tho pupa. Such an <sxpcrimcnt, if 
successfully carried out, would decide somo important 
points. If tlic part of the body containing tho head 
was not more Honsitivc than the other part, a valuable 
confirmation of the blinding experiments wonld be 
afforded. Mrs, Barber’s suggestion that parti-colourcd 
pupte may bo prodiiced by the influence of two colours 
would be tijsted in a i.'i-ry eompkde manner ; if parti- 
coloured pupie wi'rt! oldained it scamied probable that 
the light acts directly upon tho skin, but if they could 
not Iw obtaim'd it siMuned more jirol>able that tho 
light infitjciiecs the termination of luwves in tln^ skin, 
and that the {tupal lulunrs are produced through tho 
medium of the nervous system. 

Tin* pruelieid tiiflii-uUirts in the way of such an ox- 
ja riment were very great, for the conflicting colours 
could only be applied during stage iii., when the larva 
is motionless ami may la: ilisturbed with impunity. 
If, on the other hand, a larva be disturbed in stage 
ii. it begins to walk alsmt and thus renders the 
experiment iiHposi*ib!«. The only way to obtain 
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satisfactory results in spite of the slight susceptibility 
of stage iii. was to employ large numbers of larvae, 
and to pay careful attention to minute differences of 
pupal colour as well as to the time during which the 
conflicting colours had been applied. 

The experiments were conducted in two ways. 
In the first the larvae were induced to suspend them- 
selves from sheets of clear glass, by placing them in 
wide shallow glass boxes so that the ascent to the 
glass roof was easily accomplished. As soon as sus- 
pension (stage iii.) had taken place, each larva was 
covered with a cardboard tube divided into two 
chambers by a horizontal partition which was fixed 
rather below the middle. There was a central hole 
in the partition just large enough to admit the body 
of the larva. The tube was fixed to the glass sheet 
with glue; the upper chamber was lined with one 
colour, e.gr. gilt, and the lower chamber with the 
opposite colour, e,g. black, with which the outside of 
the cylinder was also covered, in case the larva shoul 
stretch its head beyond the lower edge. The parti- 
tion was fixed at such a height that the larval head 
and rather less than half of the total surface of skin 
were contained in the lower chamber, while rather 
more than half of the skin surface was contained in 
the upper chamber. The arrangement is shown in 
section in fig. 30. 

The second method of conducting the conflicting 
colour experiments was superior in the more equal illu- 
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mination of the upper and lower colours. The bottom 
of a shallow wooden box was covered with alternate 
areas of black and gilt paper, and partitions were 
fixed along the lines where the two colours came into 
contact. Each par- 
tition was gilt to- 
wards the gilt surface 
and black towards 
the black, and was 
perforated close to 
the. bottom of the 
box with holes which 
would just admit the 
body of a larva. The 
box was then placed 
in a vertical position 
towards a strong 
light, so that the 
partitions became 
horizontal shelves, while the black and the gilt sur- 
faces were uppermost alternately. As soon as a larva 
was suspended to a glass sheet, the boss of silk was 
carefully scraped off and was pinned on the upper colour 
above one of the holes, so that the head and first five 
body -rings passed through the hole on to the colour 
beneath, which tended to produce opposite effects. 
Other larvae were similarly fixed between the shelves 
upon one colour only, so as to afford a comparison 
with the results of the conflicting colours. 

K 2 



Fig. 30. — The larra of Small Tortoiseshell Butter- 
fly suspended in a tube of which the upper 
compartment is lined with gilt, the lower with 
black ; X 2. s. Boss of silk. &. Black, c. Card- 
board. g. Gilt. 
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A careful comparison of all the pupa- obtained in 
the conflicting colour experiments showed that, when 
the illumination of the two surfacoH was equal, the 
effective results wore produced by that colour to 
which tlie larger ai’ea of skin had been tixjwsed, 
whether the head formed part of that ariai or not. 
Parti-coloured pupro were never olitained. It there- 
fore appears to be certain that the skin of the larva 
is influenced by surrounding colours during tlie sensi- 
tive period, and it is also probablt; that tht: effects aro 
wrought through the medium of the nervous system. 
This latter conclusion receives further conliniiution 
from other observations w hich will hc! described in the 
next chapter (see pp. 1 
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VAMIABLE HlOTKCTtyH HESEUHEANCE /Isf 

INS I'! (J TS (ron liniitulj 

He meaning of the metallic appearance of pap» 

Apart from tho general phyHioIogienl wigiiifieunce of 
the rcHuItH dcKerihed in the Inst clmjiter, tlitjy art* of 
extreme intertmt in giving mt a pOHHibkt clue tc» thts 
meaning of the remarknhle metallie R{»|M*aram!e of 
the pupa- of raaity hutterflicH. Thia wonth'rfnl appear- 
ance has given the namt* rhrumtliH tt> tht* Kepontl 
Htage of laipifloptermiH metamorphoHiH, nUlioitgli rela- 
tively few pwpte are rttaliy tjntitled to iasar it. But 
8omo piipse which doHervt! tin: name are very common, 
and proltahly liuve attracted attention t ver Hince men 
began to hath with interoKt t»n tin’ worltl arouml Ibetti. 
Not only tlid the alehc tniKtH lielif.-ve tlmt in the apja-ar- 
anct! of thtsHe animalH they recifivisd (tneoiiragetnent 
for the tmcc* H«ftiI i««ne of the projeeta which were 
alwaya lief«»re thtnn, but wci find that Ariatotle, writing 
more than 2,2tK) yeiira ago, mentions rfiri/itnlin aa a 
word which wa*« generally used in hi» time, am! whieh 
had therefore boon invenM aa dt«criptive of the 
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golden appearance at a still earlier period. There can 
be no doubt of this, for Aristotle’s word is 
identical with our own ; nor can there be any doubt 
as to the stage of insect life to which Aristotle was refer- 
ring, for his language is precise and descriptiye. In 
fact, if a naturalist wished to convey to any one igno- 
rant of the changes undergone in insect metamorphosis 
a short and simple but perfectly accurate account of 
the two first stages of a Lepidopterous insect, he could 
not do better than use the very words of Aristotle : 

‘ Caterpillars take food at first, but afterwards they 
cease to take it and become quiescent, being generally 
called chrysalides ; ’ ^ or again in another passage : 
‘Afterwards the caterpillars, having grown, become 
quiescent, change their shape, and are called chrysa- 
lides.’ 2 

Mr. T. W. Wood suggested that the metallic 
appearance was so essentially unlike anything usually 
found in the organic kingdoms, that it- acted as a 
protection to the organisms possessing it. Others 
have thought that it has the value of a warning 
colour, indicating an unpleasant taste (see Chapter 
X.). It is probable that the appearance sometimes 
bears this meaning now, but it is unlikely that such 
was its original use ; for the fact that metallic colours 
can be called up or dismissed by the appropriate sur- 

* (li T€ ykp Kd/jLirai XafjtBdj/ov<ri rh TTparop rpo<j)^Uf pierd ravra ovk^tl 
K apL^dpovcTLy^ aKijn\Tl(pv(TLV at KaXoi^fiepai vir6 rivcoy 

* jnerh ravra (al Kdfivai) av^TjOeia-ai d/cLj/^ri^ova-i, Kal fxeraBdh-- 
\ov(TL r^y fiop^^Vf Kal KaKovvrai 
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roundings shows that they are essentially protective, 
and as far removed as possible from conspicuous 
warning colours, the object of which is to render their 
possessors unlike the environment. "What can be the 
object in nature which the glittering pupae resemble ? 
It is obvious that metals are not sufficiently abun- 
dant on the surface of the earth to afford models for 
successful imitation, and there is the same objection 
to certain metallic sulphides which otherwise would 
answer the purpose admirably. 

A consideration of the darker non-glittering va- 
rieties of the same species helps us to an explana- 
tion. These certainly resemble the grey surface of 
weathered rocks, and the whole shape of such pupae, 
with their angular projections and tubercles, com- 
bines with their colour to produce a most perfect 
Protective Resemblance to rough dark surfaces of 
rock. In fact, did we not delude the larvae by offering 
them flat mineral surfaces in our walls and sides of 
houses, the protection would be so comiilete that 
we should hardly ever find the chrysalides ; and, as 
a matter of fact, they are rarely seen except in such 
situations. 

In England we very rarely see a brightly metallic 
pupa because in our moist climate exposed rock- 
surfaces quickly weather and become lichen-covered. 
If, however, the bright appearance of many recently 
fractured rocks were retained, as they are in drier 
countries, they would cause the production of a similar 
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appearance in the pupa: of thoKc lurviu whieli sought 
them. 

Although metallic surfaces are not conspicuous in 
nature, there is a very almii<lant glittering mineral 
which is quite common enough to offer u surfaeo 
against which the larvic might often suspend them- 
selves. i refer to the inineral mh’a, the Huhstaticc 
forming the glittering flakes whicdi are so well-known 
in common granite. Furthermore, any recently 
broken rock contains bright ami glitt(>ring snrfacrss, 
although they may not ho bo brilliant as mica, and 
the bright spots of the pup® would thus ks oC pro- 
tective value against almost any freshly exjKised 
mineral surface. 

lienee we see that the pnpie would occur m dark 
or glittering forms, as the Hurrounding inineral sur- 
facoH aro dark or glittering : tliey appear in two 
different varieties which arc respectively in harmony 
with the two conditions of the mineral Hiirfnees they 
resemble — the dark and weathered, and the bright 
and freshly exposed condition. 

It may he that this aclaptaiion to mineral sur- 
roundings arose when the widespread green tints of 
the vegetable kingdom contributed loss to the total 
appearance of land-surfaces ; or the adaptation may 
liava followed the habit of feeding upon herbactous 
plants which withered away in the hot scawm, 
changing from green to brown during the time when 
the insect was in the chrysalis state and could 
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undergo no corresponding change of colour. How- 
ever the adaptation arose in the ancestor of all butter- 
flies which now emerge from gilded chrysalides, it is 
probable that it took place in some hot dry country, 
where mineral surfaces did not weather quickly but 
remained glittering for long periods of time. 




The maimer in whicli golden chrysalides are adapted 
for concealment on plants 

In the origin and gradual progress of our modern 
aggressive forms of vegetation, less and less of the 
land-surface has been formed by mineral substances, 
until the green colour of foliage and the brown colour 
of stems and of withered leaves have become the pre- 
dominant tints of nature and the most feasible models 
for Protective Eesemblance. It is therefore interesting 
to note how the species with gilded pupae have adapted 
themselves to the change. 

The chrysalis of the Peacock Butterfly {Vanessa lo) 
still retains the dark variety, which is formed when 
pupation takes place upon dark rock surfaces ; but the 
golden form has been replaced by a green variety, 
which is produced when the chrysalis is suspended 
from the leaves of its food-plant. The green variety 
still retains the metallic appearance, and exhibits it 
to a much greater extent than the dark variety. 
During the summer of 1888 I found that the green 
form is produced by the surroundings which cause 
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the appearance of the gilded form of the Small 
Tortoiseshell chrysalis, viz. by a gilt and by a white 
environment. 

The chrysalis of the Eed Admiral Butterfly 
{Vanessa Atalanta) has no green variety, but it appears, 
like the Small Tortoiseshell, as a dark or a glittering 
form resembling the two conditions of rock-surfaces 
upon which it often pupates, hanging suspended 
without any attempt at concealment except such as is 
afforded by its very perfect colour -harmony with the 
surroundings. I have shown that this species also is 
susceptible, and that either variety of pupa is produced 
by the appropriate environment. But this chrysalis 
is very commonly found attached to the food-plant, 
and when this is the case it hangs suspended in a 
tent formed of leaves carefully spun together by the 
caterpillar, so that it is concealed from view. The 
larva also often has the habit of partially biting 
through the leaf-stalk or stem, so that the leaves of 
its retreat hang down and wither. The dead brown 
leaves thus afford a far more harmonious background 
for the dark pupa, if by any chance it becomes 
exposed to view. 

The Small Tortoiseshell has neither the green 
variety of the Peacock nor the protective habit of 
the Bed Admiral, and therefore it almost invariably 
seeks mineral surroundings for the pupal period, and 
very rarely becomes a chrysalis on its food-plant. 
In 1886 I only found three such pupss suspended to 
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the food-plant, although I examined the nettle-beds 
where many hundreds of caterpillars had been feeding 
and had left for pupation. All these three pupae were 
dead, being filled with the parasitic larvae of Ichneumon 
flies. In 1888 I found many more pupae upon the 
food-plant, but a very high percentage of these had 
been killed by parasites, and the hurrying on of 
pupation which occurred in the other cases and pre- 
vented the larvae from wandering in a normal manner 
may, I think, be attributed to the state of health 
induced by that extraordinarily wet season. 


The colours of certain dimorphic pupae cannot be adjusted 
to the surroundings 

I have already mentioned that I experimented 
upon the pupae of the Swallow-tailed Butterfly 
{Papilio machaon), and found that they were not sus- 
ceptible to the influence of surrounding colours. This 
is also true, of the small family of Mocha moths 
{Ephyridce) which have freely exposed pupae, fixed 
like those of many butterflies by a silken girdle and 
boss, and often appearing in two varieties, green and 
brown. The caterpillars of the same species are also 
of two colours, and always produce pupae of corre- 
sponding tints (see page 46). 
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Variable Protective Eesemblance in the pupae of the 
Pieridae. 

The susceptibility of the two species of Garden 
White Butterflies (Pieris hrassiccB and P. mpce) was 
also investigated in the same season (1886), and the 
results of previous observers were confirmed and 
extended. Many colours were employed, and it was 
found that the light reflected from yellow and orange 
surroundings was very potent in producing bright 
green varieties of the chrysalides of both species. It 
is therefore probable that when the light reflected 
from green leaves produces this effect in nature, the 
yellow and orange constituents of the light form 
the stimuli. When, therefore, these constituents are 
made use of nearly alone, they produce still more 
marked effects. Black and white backgrounds caused 
the pupae of both species to become dark and light 
respectively, and all other colours except yellow and 
orange produced more or less dark pupae. 

Experiments were made upon P. rajpm to ascertain 
the susceptible period, the larvae being transferred as 
in the case of the Small Tortoiseshell. The results 
were as in the latter : the larva is sensitive and not 
the pupa, and the time of chief susceptibility is during 
stage ii. 

A few larvae of P. rapce were blinded, but the chry- 
salides were similar to those produced by normal larvae. 
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Further experiments on the same subject 

During the summer of 1888 I conducted further 
experiments upon the same subject. The results are 
as yet imperfectly worked out, and are unpublished, 
but I will shortly mention the chief conclusions. 
Other glittering metallic surfaces, such as silver or tin, 
do not produce anything like so striking an effect as 
gold upon the pupae of the Small Tortoiseshell. It 
seems probable that the yellow light reflected from 
the gold is effective in preventing the formation of 
pigment, and in thus producing the gilded chrysalides, 
just as the yellow light also prevents the appearance 
of pigment and produces the bright green pupae among 
the Pieridm. 

Two new species also were investigated, and proved 
to be sensitive. The pupae of the Silver-washed 
Pritillary {Argynnis 2^a;pliia) can be rendered dark or 
light in colour, although the metallic spots do not 
seem to be affected. The pupae of the Large Tortoise- 
shell (Vanessa polycJdorvs) were also rendered dark 
brown without metallic spots, or light reddish-brown 
with the spots, by the use of appropriate surroundings. 
The metallic spots could not be extended over the 
pupal surface as in the case of the Small Tortoise- 
shell. 
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Confirmatory results obtained by other workers 

It is also interesting to record that many of these 
results have been since confirmed by independent 
workers. Mr. G. C. Griffiths worked at the chrysalis 
of the Small Garden White (Pieris Tap(B), and con- 
firmed my results in many important respects.^ The 
E^v. J. W. B. Bell and Mr. Pembrey have worked at 
the pupae of the Small Tortoiseshell and Peacock, and 
the former also at the pupae of the Large Tortoise- 
shell.2 Their results are, on the whole, confirmatory 
of those described above. 


Variable Protective Resemblance in the colours 
of cocoons 

It has been already mentioned that the colour of 
the cocoon in certain species can be adjusted to the 
environment. I obtained proof of this in 1886, at 
the suggestion of Mr. W. H. Harwood of Colchester, 
who had observed that the colour of the cocoon of the 
Emperor Moth {Satwrnia ca/rpini) varied, and seemed 
to suit its environment. I found that caterpillars of 
this species spun very dark brown cocoons in a black 
calico bag (see fig. 31), while white cocoons were 

^ Trams. Ent Soc. Land. 1888, pp. 247 et seq. 

® The Midland Naturalist, Deo. 1889, pp. 289-90. 
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spun in white surroundings in a strong light (see 
fig. 32) 

In this case it seems almost impossible for the 
surrounding colours to influence directly the colour of 
the cocoon. It is necessary to assume the existence 


Fio. 31.-~Tlie cocoon of Emperor Moth 
(B. carpini)^ spun in a black calico 
bag ; natural size, although an excep- 
tionally small cocoon. 


Fig. 32.— The cocoon of Emperor Moth, 
spun on a white siu’face in strong 
light ; natural size. 


of a complex nervous circle as a medium through 
which the stimulus of colour can make itself felt. If 
this conclusion be correct it is probable that the 
colours of the pupa and larva are adjusted in the 
same manner. 

The observation uiDon S. carpini has been con- 


* Proo, Boy. Soc. vol. xlii. p. 108. I have since found that the 
fact must have been known previously, for it is quoted in Mr. A. R. 
Wallace’s Tropical Nature. I do not yet know the name of the 
naturalist who made the observation. 
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firmed, and has been extended to other Hpceics. Thus 
Eev. W. J. H. Nctvnian showed that the coc-oonH of the 
Small Eggar Moth {EriogaHtvr Ian>'»tru) arii eroaniy 
white when spun upon white paper (see fig. :hl), dark 

0 

Pif}. ♦13.“-Th« mtw>n of Hiimll rt«i. - Tis*' of ?4}tj.||| 

Moth (K. npmiwhll<< »fwm ifrrf’ii |eav.i*«, 

pitpor ; natural hIk**, 

brown when constructed among leaves (see fig, ill),' 
These cocoons are so compact and smooth that thc*y «»- 
scmhlo birds’ eggs : a fact which explains the name of 
the moth. In constructing the coemm the catc-rpilliir 
leaves a few holes, which ans doubtless of impjirtance 
in permitting a free exchange of air. The fact that 
light reflected from green loaves is here the Ktimulus 
for the production of a dark colour is readily inttdligihh 
when we remember that the moth does net emerge till 
the following February at the earliest, while the in- 
sect often remains in the pupal shite for one or twt» 
years longer. Tho leaves in contact with the em-oou 
soon die and turn l)rown, and after this change the 
dark colour is highly protective. It is alsr) of especial 
importance for the cocoon to he well conceided tluriiig 
the winter months, when insect-eating animals are 



iVcc. EnL B(fc. Lmult IBHlf |ip, I. ii. 



VARIABLE PROTECTIVE RESEMBLANCE IN INSECTS 145 


pressed for food, and are obliged to search for it with 
extreme care. 

I have also shown that the cocoon of the G-reen 
Silver Lines Moth (Halias prasinana) can be modified in 
colour like that of the Small Eggar.* This species also 
passes the winter in the chrysalis state, when the brown 
colour is highly protective. One of* my caterpillars 
had begun to spin a brown cocoon upon an oak leaf 
(see fig. 35). I then removed the caterpillar to a white 
box; it remained motionless for several hours and then 



Pig. 36.-- Brown cocoon "begun 
by caterpillar of Q-reen Silver 
Lines Moth (B. prasinana) upon 
an oak leaf; natural size. 



Pig. 36.— White cocoon spun by same 
caterpillar when transferred from 
oak leaf to white paper ; natural 
size. 



Pig. 37.— The brown cocoon of 
Green Silver Lines spun upon 
an oak leaf. 


spun a white cocoon (see fig. 36). The brown cocoon 
of the same species is shown in fig. 37. Kemembering 
the experiments upon the Small Tortoiseshell, it is 
Yery probable that the colour of the cocoon was deter- 

' Proc. Soc, Lond, 1887, pp. 1, li. 

L 
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mined during the time when the cahTpiliar was 
motionless in the l)ox. 

Still later in 1888 Dr. B. G. Lynam sent me some 
cocoons of tho Gold-tail Moth (Lijiftriit aurijhm) %vluch 
had been also modified in a Kiniiliir manner, and I 
found that the same power is posHtmHCJcl by the enter- 
pillar of the Briinstono iMoth (Riimia eratfnjata).' In 
this latter case a green tissue-paper background pro- 
duced brown cocoons like those spun Jipon green leaves. 

It is probable that this power of adjusting tlio 
colour of tho cocoon is very common auiong specieH 
which spin in exposed situations. It may also bo 
expected to occur in those Hymenoptera with similar 
habits. Tlie investigation of the {diysiologica! pro- 
cesses involved in tho adjustment would !«• of extreme 
interest. Last year (1888) I obtained a large minilwr 
of Small Eggar caterpillars, intendiJtg to begin such 
an investigation, but nearly all of them died just 
before reaching maturity. It is to bo hoped that 
many species will now be tested in order to ascertain 
whether this form of susceptibility is present. 

Variable Protective Betemblanoe In Xsipidopteroui 
IfunrsB 

It now remains to briefly consider the jsjwer of 
colour-adjustment poBsessod by certaift eulorpillarH. 
Naturalists have long known that in certain species 
' Proc, F.nl, Soc. Lrmtl. 1SS9, p. 
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the colour of the caterpillars may vaiy according to 
the colour of the plant upon which they are found. 
This is especially true of caterpillars feeding upon 
brightly coloured parts of the plant, such as the 
anthers or petals. At the same time there has been, 
until recent years, hardly any systematic investigation 
of these interesting facts. Professor E. Meldola’s 
editorial notes to his translation of Dr. Weismann’s 
‘ Studies in the Theory of Descent ' (the essay on 
^ The Origin of the Markings of Caterpillars contain 
many instances of this kind, together with most sug- 
gestive remarks upon them, which first induced me to 
work at the subject. At a still earlier date the same 
writer had brought together all the scattered examples 
of this kind, including the power of adjusting the 
colours of pupse, and had drawn attention to the 
general principles involved.^ 


Experiments upon the larva of the Eyed Hawk Moth 

{Smerinthiis ocellatus) 

The instance which Professor Mcldola chiefly con- 
siders in his editorial notes is that of the caterpillar 
of the Eyed Hawk Moth (Smermthiis ocellatus), which 
is of a whitish-green colour when it is found upon 
apple and certain kinds of willow, and of a bright 
yellowish-green when found upon other species or 
varieties of willow. The colours are on the whole 

% 


» :Proc, Zool Soc, 1873, p. 153, 
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protective; the larva resembles the niKlcr side of a 
rolled- up leaf, and when the food-plant bears leaves 
■with -white and downy under sides (apple, Safix 
viminalifi, &c.) the larva is usually whitish ; while it 
is generally yellowish-groen upon trees of which the 
leaves have green under sides (Salts triandm, 8. hahy- 
lonica, S. rubra, S. fragilis, &c.). I remomber, when 
a boy, finding the two varieties of larva, and being 
much astonished at the difTerenea between them. 

I began working at the speeiflH in 1881, and have 
bred largo nurabovH of tla* larva* for every KcaHon since 
that year. Only the results of the earlier experiments 
are i')ublish6d.' The eggs of oaeh female moth were 
kept separate, and the catt^rpillars of each hatch were 
fed upon a variety of food-j»lantH, ami jnanihjsted de- 
cided differenc-os in thdr shade of grtsui. At Iho same 
time remarkable exceptions cweaHionally occurred : 
somotimoH, also, when colhicting I have found bright 
green individuals upon apph*. liHnding experiments 
like those upon the Small Tortoiseshell led to nogativts 
results. These experiments wert; very laborioits, for 
a caterpillar changes its skin four times, and with it 
the covering to its eyes and the opiujue varnish. Hence, 
before ciich change of skin the caterpillars werif sepii- 
rated from the food, and, after changing it, Wi;re re- 
blinded before being restored. 

Before this investigation had been begini, it was 
believed that such variability in catorpiilars was duo to 

> Proe, Hoy, Soc. vol. xxxviii. p. SCB ; »ul. *1. p. 135, 
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the direct chemical effect of different kinds of leaves 
upon them after being eaten, and it was therefore 
called phytophagic variability. Many special experi- 
ments were directed toward the solution of this 
question. Thus, leaves were sewn together, so that 
the caterpillars were exposed to the colour of the 
upper or of the under side alone, although they ate 
the same leaf in both cases. In other instances the 
‘ bloom ’ was rubbed off the under sides of some leaves 
{Salix fragilis, incorrectly described as Triandra in 
my papers), while others were left normal. The results 
proved that the caterpillars are affected by the colour 
of the leaves and not by the leaves as food. Com- 
parison with the experiments on pupae renders it 
most probable that reflected light influences the skin. 


Experiments upon the larvae of other Sphingidae 

Professor Meldola had also quoted the instance of 
the larva of the Privet Hawk Moth {Si)lii'nx ligustri), 
which is of a much brighter green when found upon 
privet than when found upon lilac. Larvae of this 
species, from the same batch of eggs, were fed upon 
the two plants, and the above quoted observation 
was confirmed. The larvae of the Lime Hawk Moth 
{Smerinthus tilice) were similarly modified, being made 
unusually light green by the use of variegated elm 
and a lime having leaves with very white and downy 
under sides. 
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Experiments upon the larvae of G-eometrae and Noctuae 

The experiments were then extended to many 
other dark-coloured larvae (chiefly Geometrce). The 
method of experiment was as follows : a larva which 
resembles the twigs or bark of its food-plant was 
selected, and was surrounded by the leaves upon which 
it fed, and by white or green surfaces. No brown 
twig or anything dark-coloured was allowed to come 
near it during its whole life. Under these circum- 
stances the larv£e, in the majority of the species selected 
for experiment, became very light brown or light grey 
in colour, and quite unlike the darker larvae of the 
same kinds which were produced when an abundance 
of dark twigs had been mixed with the leaves of the 
food-plantd 

The results were certainly protective, for the 
lighter larvae were far less conspicuous on the green 
leaves and stems than the darker ones would have 
been. At the same time it must be admitted that the 
resemblance of the darker forms to the dark branches 

^ These experiments have been successfully applied to the follow- 
ing Geometrce: — GrocalUs eUnguaria (for two seasons), Ennomos 
angidaria, E. Ivmaria, Boarmia rhomboidaria (this species was inves- 
tigated by my friend and pupil, Mr. R. C. L. Perkins, B.A., of Jesus 
College, Oxford), B. rohoraria ; and to one of the Noctuce^ Catocala 
spo7isa. Since this note was written, I have found, during the past 
summer (1889), that the Geometer Heterc^hylla abruptaria^ and the 
Noctuas Catocala electa and O. elocata, are also sensitive, the first and 
last named to a marked degree. 
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is much stronger than that of tho light varieties to 
the leaves (see iigs. BH and 2M>), Two Kja'cliw, IhjW' 
ever, are already known in which th« green ateiiiH and 



Fl0* Si.'^TIse Iftfva nl a rAiilJiW'ijtel Kfictsisi. if. rlor'«#s*i u’UU loflont 
to tliiit of the tlmk with iu irnnhiilmii ; fnU4r4 ; 

twfrtlilnk 



I' m. fill. rii** lof f4 |j»ft4 *4 itifH-if-M i%hr-ii nhif tffW'li l.iAiffs Irflifr# 

,8sj|i| 4I*'*I fyt II, Th*^ lii tvtw I4»rlk 

nhjmh * 

leavt’H cituse tin; production of greew lurvii*, ho that tlte 
coneealmc nt is very iterhcl. And we may lie ijnite 
sure that there are jiiany other Hjiecien with efjual 
IwnverH. 

Experiments upon the Jarvas of the Briiastono Moth 

Lord Wakitieluitn first j<tiinli4 out to mo that the 
larvfc of the ftrinisfono ^foth (ftimiin cruOn/fiO;) vary 
from brown to green, and llirougli all intermedinto 
Hhados, I found that when brottn objeetK wore 
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entirely excluded the larvae became greenish-brown, 
brownish-green, or sometimes of a decided green 
colour, and thus harmonised well with the leaves and 
young green twigs of the hawthorn. In the presence 
of dark' twigs they became dark brown like so many 
other larvae.^ 

Experiments upon the larvae of the Peppered Moth 

The second instance is even more remarkable, and 
has only been observed during the present year (1889). 

I obtained some 
hundreds of eggs 
from a single wild 
female of the Pep- 
pered Moth {Am- 
phidasis hetularia), 
and the caterpillars 

Fig. 40.— The larva of Peppered Moth (A. hetuJaria) iVh "h q I nh WPr A 

surrounded by green twigs and leaves ; full-fed ; WUICU UaXCneU WOre 

treated as in the 
other experiments. 
The larvae reared 
among green leaves 
and shoots became 

Fig. 41.-Tlie larva of PepperedMoth surrounded by bright green (860 
abundant dark twigs as well as leaves. 

fig. 40) without 

ception, while the others in nearly all cases assumed 
the colour of the dark-brown twigs, which were mixed 

* Report of the British Association, 1887, p. 766 ; also Nature, 
vol. 36, p. 594. 
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with the IcmveB iipriii whieli they fi d fig. 'li) ; 
about oiia or two |ier ectiiL, liowevor, took llii'ir eolmir 
from the Iiitter. llici food-pIant« were tlii! «ii.riie iii 
both exiierirnciitH. 

The oh^ge of eoioar is -not die to the food itii throif li 
a tranipareit skia 

Some aitlioritics havi? Hiippcmotl ihal llie rhiuige 
of colour iiiulcir Biich cireumHlaiii'f'H inn f'luiipiinij ii'^ely 
simple thiil the youro^i'f greeu hiiiveH mien 

and Been in ilit! aJiruMilHry titnal thrruigh the iiiere or 
less tra!iH}ia.rMil tiHHuen eanne ji. brhditii* it}»jMiirfiricc!| 
wliihi tlii* ekfi-r iciiveH prcMlun- in lln* ainrio li 

(liirker Hinif-ariirice. TIub vnmv uf ardour in ri-rliiinly 
eftiriiiit in iiiiuiy lriiiiB|iureni mterpillnrB |n 7iib 
Bllch IIH BOllli’ of the hut. it flori-* n«ii B.f’roil||| 

for liiij (if till" roHiillH ohtiiiiii'fl in my exp«'rinifiilw. 

Ah II |ireriiiilioii ii|4aiiir4 Hindi im i roM’, 1 n-irrm'ii 
ilicf HiirroiiritliiigH of a fVw Inrvie of $4 ihi- Hja-idm 

experiiiieiitri'i lijMtii. Thr- $if %%■ %u,-rr- iiiiiin- 

tiiiiifrd for diiVH, litiriiig mhirbih*- *H#iif.riitf4 ihr' 
aliiiieiiliiry ritiiii! rniiHi U-m mmty 

but no }i«'rr’'ej4iiiio wm }sro4iici.4.. Tliiii rf-«iill 

gjfio BrrvoH to ‘4p:m iiini the iniltn-inti-g iir| %^i*ry i4#*wiy* 

and lliltl tlifi }iroeef«-«a''W *4 iidjtr**iilie|il ar** tolmlly ihb 
forenl from tlio^r %eiiir}i tlie rfi|4*l of 

rrilfiiir roinodf-ri^tl in Cdiiipk-r VII. 
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The difference between slow and rapid adjustment 
of colour 

The OHRcntial (liffcn’iicc iiftwci'ii tlii* two kinds of 
adjustment is tlmt, in the one case, tlii' jiigniented 
part of certain celiB l■(mtraetH in oliedienei! to nervmw 
stimuli, and thus alters tlu' general appearanee ; wliile 
in the other case the coloured part is actually huilt 
up of the appropriate tint, or loses its colour alto* 
gether and become s tninsparent in obedience to the 
same stimuli. Tin; frog or lisli lias a serii's of ready- 
made screens which can be shifted to suit tlie environ- 
ment ; the insect has the power of building up an 
appropriate Hcrccm. In many ruises, however, tiie 
green colour of eat(!ri»iilarN is duo to the ready-made 
colour of the blood, which becomes effective when 
pigment is removed from the superiicial cells, but 
which <M8apiK;ar8 when the latter are rendered 
opiwjae. Here, however, the superlicial cells form the 
screen which has to las built up or from which the 
colour must be dismissed; and in certain species 
even the colour of the blood is entirely clningeil in 
the passage from a green to a dark variety r»r r»>c 
nmd. 

Hence it is to be expected that the clmuges occur- 
ring in an insect will occupy a considerable time aa 
compared with those which take plai'e in a frog. 
Another difference between the two processes is that 
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the stiranlns from the environment falls upon the eye 
in the one case and probably upon the surface of the 
skin in the other. 


Variable Protective Resemblance in insects is no ‘ 
explanation of the origin of colour 

Many authorities have believed that, in the results 
of these experiments upon the colours of insects, we 
see an explanation of the origin of colour, by the direct 
influence of environment accumulated through many 
generations. This is a very tempting conclusion, and 
one which for a time appeared to me to be satisfactory. 
But as soon as there was clear evidence that the 
medium of the nervous system is necessary, the 
results were seen to be indirect, and to have needed 
the most astonishing adaptations on the part of the 
organism before the colour of the environment could 
exercise any influence upon it. 

It might still be maintained that the existing 
colours and markings of certain caterpillars are at any 
rate in part due to the accumulation through heredity 
of the indirect influence of environment, working by 
means of the nervous system. To this it may be 
replied that the whole use and meaning of the power 
of adjustment depends upon its freedom during the life 
of the individual ; any hereditary bias towards the 
colours of ancestors would at once destroy the utility 
of the power, which is essentially an adaptation to the 
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fact that different individualH will pralmhiy nioct with 
different environments. As long ago us 1H7H, Pro- 
fessor Meldola argued that this itowc-r of adjustment 
is adaptive and to he explained hy the operation of 
natural selection.' 

Comparison between the varying elh-ets of green 
loaves upon the different stages of an iiiHcet strongly 
supports the view that the results are due to adaptation . 
Thus the caterpillar of the IJriinsttnu* Moth remairm 
upon its food-plant for a few weeks in the summer when 
the loaves are green, and green leavj’s cause the larva 
to become t/rren and to lose; the dark pigment. But 
the chrysalis remains among thi; leaii’es in winter 
when they have hecojtu! brown, and gn eii leaves eauso 
the caterpillar to spin a finrk crKsoon. Hence precistdy 
opposite effects are produced by tlio operation of the 
same force, the nature of the efft^ets having been 
determined hy adaptation. 

i’urthermorcs, there is no positive! evidence ft)r any 
of these effects becoming hereditary. I haves carried 
on some of my experiments for more than oii« genera- 
tion, always carefully noting the offcids prodneed in 
the parents, and have never been able to detect any 
resulting hereditary tendencies, even when the previous 
generation had been powerfully influenced. 

When therefore wo meet with a dimorphic species 
which is not influenced by its environment, so as to 
produce the appropriate form, I do not believe that wc 

' J'rue. Hmd. Soc, mn, p. 158. 
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vailing tint of tin; (*nrtli in (lark, m in cUHtricts. 
It is improbable that these ar*e loeal riices, anti the 
only other interjtretation is that tin* colours can be 
varied as the rosult of a stiniultiH. Xo tjxperimt^ntal 
prtKtf of this has been as yet afforded. If the view 
adopted here be correct, it will be of extreme intertjst 
to define the susceptible periotl ; it will most jirttbably 
be found ut the close of larval life. 

I have treahsl this jjurt of tlie snbjjTt at some 
length and have discussed nun ly details. I have done 
so heeause the iiujuiry is new, aiul will ntd be ftnmd 
in other bonks on the colours of aniuialH ; ' and also 
because 1 hopt! that sonus of my readers may he in- 
duced to carry on iiivt-stigations for themselvcfs in a 
field which is easily enb'red, and in which further 
help is eH[u;cially necessary. 

' Hinco this wmlciici* wm writt«*n, Mr. A. IJ. WalljM * '!* innist jtUer- 
estingvolumB, Dttrwinmm, has a|i{i<'ftrBil, A jfhnrt niTimiif nf Variable 
ProtectivB iWaemblance in inwet# will 1»? in if . 


CHAPTEB X 

WAimiNG COLOUim 


We now come to a cIhsh of colours with a meaning 
preeieely opjmito to that of tlu; largo cIuhh wo Jiavtt 
just been considering. The ohjoct of the latter is to 
conceal the possossor from its eucmies, the object of 
the form(;r is to rcnulor it iw cfoespicitonH as jtfjssihhi. 
As in other classes of cftloiir, tho most familiar and 
striking illustrations arc- 1«» la* foiuid among insfcts,' 

The shai^ contrast between moat Proteetiee or Aggrea- 
sive Eeaemblanoei and Warning Colours 

It must have laion obvious to any rme interesti d in 
natural history that tho insects jiuit with during a 
walk in summer may he arraiigod in two great gruup.n ; 
those which are extremely difluuilt to flml iital excite 
our wonder hy the perfect matmer iii which they ure 
concealed, and those whicli at om e fittract our uf f eiititm 
hy their startling colours and conspicuoij-4 attitiidcH, 
the effect being often greatly increased hy the haldt 

* llftiif ti tlifi fttcii Wi4 cwitiltt»lttitiiiltiliii«r|iaj4#'r firtt tfiN'ii tmm 
fflf pii|w‘r ill llie p. I!lt. 
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of living in companies. These two groups form, 
perhaps, the sharpest contrast in nature. We 
assume, almost as a matter of course, that the latter 
are protected in some other way, that if captured 
they would prove to be of little value, or even posi- 
tively nauseous or dangerous. 


The value of Warning Colours 

At first sight the existence of this group seems to 
be a difficulty in the way of the general applicability 
of the theory of natural selection. Warning Colours 
appear to benefit the would-be enemies rather than 
the conspicuous forms themselves, and the origin and 
growth of a character intended solely for the advan- 
tage of some other species cannot be explained by the 
theory of natural selection. But the conspicuous 
animal is greatly benefited by its Warning Colours. 
If it resembled its surroundings like the members 
of the other class, it would be liable to a great deal of 
accidental or experimental tasting, and there would 
be nothing about it to impress the memory of an 
enemy, and thus to prevent the continual destruction 
'of individuals. The object of Warning Colours is 
to assist the education of enemies, enabling them to 
easily learn and remember the animals which are to 
be avoided. The great advantage conferred upon the 
conspicuous species is obvious when it is remembered 
that such an easy and successful education means an 
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education involving only a small sacrifice of life. It 
must not be supposed that nauseous properties are 
necessarily attended by Warning Colours ; there are 
very many instances in which they are accompanied 
by Protective Eesemblances and habits. The common 
cockroach is a familiar example of this latter asso- 
ciation. 


Warning Colours in Mammalia 

The highest vertebrate animals are rarely protected 
by the possession of the qualities which are most com- 
monly attended by Warning Colours, viz. an unplea- 
sant taste or smell. There is, however, at least one 
mammal of which this is certainly true. This ex- 
ample is brought forward in Belt’s most interesting 
book, ‘ The Naturalist in Nicaragua.’ ^ Thus he tells » 
us that at night ‘ the skunk goes leisurely along, 
holding up his white tail as a danger-flag for none to 
come within range of his nauseous artillery.’ He also 
alludes to the foetid fluid which these animals ^ discharge 
with too sure an aim at any assailant.’ He describes 
the large white tail as laid over against the black and 
white body, producing a very conspicuous effect in 
the dusk, so that the animal ^ is not likely to be 
pounced upon by any of the Carnivora, mistaking it 
for other night-roaming animals.’ The conspicuous 
appearance of the skunk is shown in fig. 42. 

’ Second edition, 1888, pp. 174, 249, 250, 320, 321. See also 
Mr. A. B. Wallace’s Darwmism^ 1st edition, p. 233. 
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I know of no instance of this kind among birds, but 
it is probable that the gaudy and strongly-contrasted 
colours of certain tropical species may be found to be 
accompanied by some nauseous property and to be of 
warning significance. 



Fig. 45.-~Tlie Brazilian Sloink (Jd^hUU suffomns) : showing the conspicuous black 
and white appearance of the animal which sexyes as a warning to its enemies. 

The brilliant and conspicuous colours of many 
powerful birds are, I think, to be explained as a 
result of the free scope given to sexual selection (see 
pp. 311-12). 
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Warning Colours in Ueptiles 

■Warning characters are not uncommon among 
poisonous reptiles. The various species of Coral 
Snake (Elaps), occurring in tropical America, are ex- 
tremely venomous, and are highly conspicuous, their 
bodies being alternately banded with bright red and 
black, and often with yellow.^ It is extremely in- 
teresting to observe that the deadly Eattlesnake 
(Crotalus) warns an intruder of its presence by sound 
instead of by sight, like the Coral Snake. The Cobra 
is protectively coloured, but, if attacked, it expands 
the hood with the conspicuous eye-like marks, and 
thus endeavours to terrify its enemy by the startling 
appearance. The majority of poisonous snakes, how- 
ever, depend entirely upon Protective Eesemblance 
together with the use of their fangs. This, for ex- 
ample, is the case with our common Viper. 

It is, however, an advantage to some snakes to 
acquire warning characters and to live on their repu- 
tation for being poisonous; for although an animal 
bitten by one of them would probably die, the effects 
are never immediately fatal, and there would be plenty 
of time for the snake itself to be killed. Again, the 
snake possesses only a limited supply of poison at any 
one time, and if this had been recently drawn upon 

' See also A. B. W'allaoe's Essays on Natmal Selection, 1875, 

p. 101. 


164 


THE COLOUES OE ANIMALS 


for purposes of defence or for killing prey, the snake 
would be comparatively harmless. Hence it would 
be to the advantage of certain snakes to advertise 
publicly the fact that they are dangerous, retaining 
the poison to use if necessary ; and others would gain 
by concealing themselves by Protective Eesemblance, 
while they also would use their poison fangs if detected 
and attacked. The question is not whether one of 
these methods is better than the other, but whether 
either of them is better than an intermediate con- 
dition ; so that we can well understand why one 
group of poisonous snakes should adopt one method, 
while the other method is made use of by another 
group. 


Warning Colours in Amphibia 

Among the Amphibia a beautiful example has been 
afforded by Mr. Belt’s acute powers of observation.^ 
‘ In the woods around Santo Domingo there are many 
frogs. Some are green or brown, and imitate green 
or dead leaves, and live amongst foliage. Others are 
dull earth-coloured, and hide in holes and under logs. 
All these come out only at night to feed, and they are 
all preyed upon by snakes and birds. In contrast 
with these obscurely coloured species another little 
frog hops about in the daytime, dressed in a bright 
livery of red and blue. He cannot be mistaken for 
any other, and his flaming vest and blue stockings 


Loc, cit. p. 321. 
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show that he does not court concealment. He is very 
abundant in the damp woods, and I was convinced he 
was uneatable so soon as I made his acquaintance 
and saw the happy sense of security with which he 
hopped about. I took a few specimens home with me 
and tried my fowls and ducks with them, but none 
would touch them. At last, by throwing down pieces 
of meat, for which there was a great competition 
amongst them, I managed to entice a young duck into 
snatching up one of the little frogs. Instead of swal- 
lowing it, however, it instantly threw it out of its 
mouth, and went about jerking its head, as if trying 
to throw off some unpleasant taste.' It is also ex- 
tremely probable that the well-known European Sala- 
mander {Salamandm maculosa), so conspicuous with 
its irregular yellow blotches on a black ground, pos- 
sesses some unpleasant attribute. I do not think, 
however, that there is any direct evidence for this, 
like that obtained by Mr, Belt in the case of the 
Nicaraguan frog. 


Warning Colours in Marine Animals 

Many fish are poisonous, and many possess for- 
midable defensive spines, but I do not know that any 
attempt has been made to connect these characters 
with a conspicuous appearance. It is very probable, 
however, that such a connection exists in many cases.^ 

^ Mr. Garstang suggests that the weever-fish (Trachmus 
is an example of Warning Colouration. It possesses a pair of in- 
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Warning Colours are probably wide-spread among 
marine organisms. Mr. Carstang had suspected that 
the bright colours of certain compound Ascidians were 
of warning significance, because these helpless animals 
are thus rendered extremely conspicuous, and because 
some of them emit a most unpleasant odour. He now 
finds that fish invariably refuse them : although some- 
times tasted or even swallowed, they are never retained. 
The bright colours of many sea-anemones and sponges 
are probably to be explained in the same way. Evi- 
dence in favour of this conclusion is given on pp. 
200-204. 

Warning Colours in Caterpillars ; the history of their 
discovery 

Warning Colours are greatly developed in insects, 
and an account of the first recognition of this prin- 
ciple among caterpillars is of great historical interest. 
When Darwin was investigating the bright colours of 
animals, and was elaborating his theory of their ex- 
planation as of use in courtship, he came across the 
brilliant colours of certain caterpillars, and saw at 

tensely poisonous spines on its gill-covers, and is rendered conspicuous 
by a deep black first dorsal fin. The body of the fish is completely 
buried in the sand, which it resembles in colour, the black fin alone 
being seen. Mr. G-arstang thinks that this conspicuous character 
prevents such fish as gurna^rds from mistaMng the weever for the 
dragonet {Calliori/ynms Vyra)j which is similar in size and habits. He 
has frequently found the dragonet in the stomachs of gurnards, but 
the weever never. 
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’ once that they were a difficulty in the way of the 

theory. For caterpillars are undeveloped organisms ; 
; they have been described as * embryos leading an in- 

1 , dependent life/ and there is no way of distinguishing 

i the sexes by external colour or structure (except in a 

^ few instances). Here, therefore, we meet with bril- 

liant colours, often rendering the possessors con- 
spicuous,- which cannot be of any use in courtship. 
} Seeing, therefore, that the bright colours must be of 

I use in some other way, Darwin drew the attention of 

I Wallace to the subject, and asked whether he could 

suggest any explanation. Wallace accordingly thought 
I over the subject, and considered it as part of the 

I wider question of the varied uses (other than sexual) 




! 

I 



of brilliant and startling colour, in other stages of 
insect-life, and in numerous instances scattered over 
the whole animal kingdom ; and he finally ventured 
to predict that birds and other enemies would be found 
to refuse such conspicuous caterpillars if offered to 
them. He believed, in fact, that such larvae are pro- 
tected by possessing a nauseous taste or smell, or some 
other property which renders them unfit for food. 
Conversely Wallace argued that inconspicuous cater- 
pillars would be eaten and relished whenever they 
were detected. 

It is most inspiring to read the letter in which the 
great founder of modern biology accepted this fruitful 
suggestion. 

^ . You are the man to apply to in a difficulty. 
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I never heard anything more ingenious than your 
suggestion, and I hope you may be able to prove it 
true. That is a splendid fact about the white moths ; 
it warms one’s very blood to see a theory thus almost 
proved to be true.’^ 

Very soon after the suggestion was made public ^ 
it received confirmation by experiments conducted by 
Mr. J. Jenner Weir ^ and Mr. A. G. Butler.^ At a 
later date experiments of the same kind were made by 
Professor Weismann/ and still later by myself.® It 
was found that while birds devoured with eagerness 
the well-concealed caterpillars, they refused those 
with conspicuous colours; it was also found that 
other insect-eating animals, such as frogs, lizards, 
and spiders, refused larvse with warning colours, or 
did so after first tasting them. 


Examples of Warning Colours among Caterpillars 

A very common example of a caterpillar with 
warning colours is afforded by the larva of the Cur- 
rant Moth or Magpie Moth {Abraxas grossulariata)^ 
which is excessively abundant in gardens (see fig. 43) 

^ Life and Letters of Gharries Darwin, 1887, vol. iii. p. 94. 

^ Proc. Ent. Soc. Lond. Sex. 3, v. p. Ixxx. 1867. 

* Trans, Ent. Soc. Lond. 1869, ?art i. April. 

^ Ibid. p. 27. 

® Studies m the Theory of Descent, Part ii. pp. 336-340. English 
translation by Professor E. Meldola. 

® Proc. Zool, Soc. 1887, p. 191. This paper contains an account 
of all previous work on the^same subject. 


yrAWim colours 


169 


The caterpillar is extremely conspicuous, being of a 
cream colour with orange and black markings. Al- 
though it belongs to the group of well- 
concealed ^ stick-caterpillars ’ {Qeome- 
tree), of which several instances have 
been considered in Chapter III., it makes 
no attempt to hold itself in any of the 
attitudes characteristic of its group 
(compare fig. 43 with figs. 1, 2, 3, 4, 6, 

8, and 9), All observers agree that 
birds, lizards, frogs, and spiders either 
refuse this species altogether, or exhibit 
signs of the most intense disgust after 
tasting it. 



Fxo. 43.-— The larva 
of Magpie Moth 
(A. gromLlariata)i 
showing ■Warning 
Colouring ; full- 
fed ; natural size. 



Fig . 44.-“'nie larva o f Buff-tip Motl i ( P. Puecphnlu ), 
showing Warning Colouring; full-fed; natural 
size ; from Curtis. 


Pio. 46.— The larva of Cinnahar 
Moth (/?. Jacobcecti), showing 
Warning Colouring ; full-fed ; 
natural size ; from Curtis, 
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The caterpillar of the Butf-tip Moth (Pygcera hn- 
cephala), fig. 44, and the Cinnabar Moth {Euchelia 
jacolcece), fig. 45, are also extremely abundant, and 
are good examples of the association of Warning 
Colours with a nauseous taste. Both of them are 
gregarious, living in large companies, so that their 
conspicuous appearance is greatly intensified. The 
colours of the first-named larva are black, yellow, and 
orange. It feeds on oak, elm, lime, birch, hazel, &c., 
and the large bare branches which attest its appetite 
are very familiar sights in autumn. The second 
caterpillar is coloured by alternate black and yellow 
rings ; it feeds upon ragwort in the summer. There 
is plenty of experimental evidence for the unpleasant 
taste of both caterpillars. 

The conspicuous gregarious caterpillars of the 
Large Garden White Butterfly {Pieris hrassiccPjy which 
are only too well known in cabbage gardens in the 
autumn, are also protected in the same manner. 
Many other instances will be found in the papers 
already referred to. 

A caterpillar may be freely exposed rather than 
conspicuous 

In some cases the warniug of an unpleasant 
quality is conveyed by the caterpillar being freely 


exposed, while its colours, although sober, do not 


harmonise with those of the food-plant. This may 
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be true of gregarious species, such as the dark larvae of 
the Peacock or Small Tortoiseshell butterflies, which 
feed freely exposed on the tops of nettles, and which are 
known to be refused by some insect-eating animals.^ 


The various unpleasant q^ualities possessed by 
caterpillars with Warning Colours 

Other unpleasant attributes, as well as that of 
a nauseous taste, may be associated with Warning 
Colours. A strongly smelling or irritant fluid maybe 
discharged from special glands on the approach of an 
enemy. Glands of this kind occur on the back of 
many common caterpillars, such as the brilliantly 
coloured ^ Palmer worm ’ (larva of Porthesia auriflua), 
or the onspicuous ‘ Hop-dog ’ (larva of Orgyia 
pudihunda). The larvae of some common gregarious 
saw-flies {liymenoptera)^ such as Croesus septentrionalis, 
which completely denudes the branches of birch trees, 
have a number of odoriferous glands along the middle 
of the ventral surface. When disturbed, the body is 
turned forward over the head, and the glands are 
everted so that their secretion escapes into the 
air. The meaning of the gregarious habit is very 

* The gregarious habit may render an insect so conspicuous that 
it is unnecessary for it to acquire bright colours. The * warning ’ 
significance of the gregarious habit was first suggested by Fritz 
MuUer (Kosmos^ Dec. 1877). An abstract of this paper has been 
published by Professor Meldola {Proc, Ent. 8oc. Lord. 1878, pp. vi 
and vii.). 
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clear in this and parallel cases ; for when many indi- 
viduals combine to 'discharge an unpleasant odour, 
they become surrounded by an atmosphere which acts 
as a most effective barrier. 


Irritatiug hairs possessed by certain larvae 

Again, caterpillars may be protected by possessing 
irritating hairs. This is the case with the ^ Palmer 
worms ’ mentioned above, which are thus doubly pro- 
tected. Many people have discovered this fact to 
their cost after handling these pretty black, red, and 
white caterpillars, which are so abundant and freely 
exposed on our hawthorn hedges in early summer. 
When the face or neck is touched by the hands, which 
are covered with minute barbed hairs shed by the 
caterpillar, an intensely irritating rash soon makes its 
appearance. The same effect is produced, as I shall 
always remember, if an old cocoon, in which the hairs 
are interwoven, be pulled to pieces with the fingers. 
These caterpillars were nearly always refused, but Mr. 
Butler records that they were in one case eaten with- 
out hesitation by a young sky-lark, which soon after- 
wards died with symptoms which may have been due 
to the irritating hairs. One of my lizards also seized 
a larva, but relinquished it after biting it for sometime. 
The lizard was evidently greatly irritated by the hairs 
in its mouth. Many other hairy caterpillars also 
produce a rash: thus, the larvae of the Fox Moth 
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eeHHively foml of in« «-tH, emiiiot hr iinlua**! to toin-li 
u,i!J hairy larva. IHi-iIh a|Ji»a»r to eat th. in more 
rawlily than olln r anima!«, hut lin y have }.• » uliar 
iMlvimtageH in tin ir imwi r of rulihing olf tin 1 »jui«. 


The aweciation of hair* with a cwiepieuou* .ippairiinec 

Hir.Iohn laihhorh Mno. tahulatnl the a{.|« amm o 
of tin larvii of all ihiiiid. Imth rtUm ami the laigi r 
iiwtim, amt la a.nvim ing 

manner tin gmi ral iimm ialioti of Jiairaor with 

a, tiBiumtouH warning eolotir-. lti« romhaion in aa 
tollowa ; * Thiw HiiiiiJijing ‘if th«f » atei |»iliai#, holli of 

• tram. Knt. .S'**-. f|>. 3!1H. *<V. 


174 THE OOLOUIia OF 

the buttcirflioB and mothB,outof tiie ijiiiij 

and hairy BpiieieH tahiilaieil niily mw m gri/eii cL, 
and mm thin may imi hi^ jiroli/iiivrly ruluiiriiih 
Binee it lutH y(‘lic)W warin aiit'l wliiti? liiirrail Clii 

the other hand, a via-y great majority of tJio Idaidc itiifi 
brown caterpillars, m well m timm* mutv nr hm 
marked with him* and red, are either liiiiry m Bjiiny, 
or have somca HiK^dal irrotecdiom’ 

Bir John Liihhoek, however, fully reciigiiiBes tliiit 
hairs may contribute lowardii tlii* l;*rciierlivt* llesi'in* 
blanea of certain HpccicH, eiiirii|deM of wliieh liiive 
been already given (mm {iiige #*13)* i'VcifeB^«c.ir Stlplihik 
HUggents tliat a pnihabki originiil niiiiniiigof the Itiiiry 
covering wan la-oiection fnan injury after fiiiiirig frtiiii 
the food-plant. 


black with yellow batidw, and ex|KiiiiEd to viinv in n 
slight cocoon, is nauseous likti the krvt, ititd tliti 
flying moth itself, with white wiiigi retiilcred eoii^ 


the game manner. When capliirctil ii iniikis m atlcnipt 
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to escape, but ^ feigns death.’ The conspicuous and 
sluggish day- flying black and red Burnet Moths 
{ZygcBna) and Cinnabar Moth {Eucjielia Jacohcem) are 
also nauseous, and so is the gaudy Garden Tiger Moth 
(Arctia caga). Many white moths, or black and white 
moths, have also been refused by insect-eating animals 
with every sign of disgust. 


Consideration of the later stages of species with 
unpalatable larvae 

A comparison of the means of defence and palata- 
bility in the three stages of metamorphosis, in species 
of which the larvae are known to be nauseous, proved to 
be extremely interesting, and much more work is needed 
in the same direction. In the first place the com- 
parison showed that when the later stages are nauseous 
the larva was also nauseous in all cases. The Tiger 
Moth is probably an exception, for the caterpillar may 
be defended by its hairs instead of by taste, and the 
chrysalis seems to be palatable. The Leopard Moth 
{Zeuzera cesculi) is another exception. Such cases are 
probably very rare, and it is clear that this method of 
defence, among Lepidoptera, nearly always arose in 
the larval stage. The larval stage is exposed to more 
danger and is more helpless than any other: the 
imago can escape by flight, and the pupa, if exposed, 
may render its Protective Eesemblance complete by 
entire quiescence, and it is usually effectually protected 
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in other ways. But thi! larva miiBt fcwl, anti al Ihi- 
same time Ih nlugf^iKli in ilK niovfiufnlB, (li ft act?!* hb, 
and wlien palatahlo is luttn- n liBhi i! than iiny ullii r 
8taf;(j, for it doon not i>o.ski'Bk tlio liurtl iiivt-hfincnl of 
the OIK! or tho Hcaly cfivorin^ of tlio olln r. Houro it 
is that tho Kreat noods of tint iarvii Imvr hi i-n at* fr»- 
quontly mot in lliis way ; hut as Koon an ihci un- 
pleasant quality has uppoarod it will tond to pass tm 
by simplo continuity into tho ttthor staKi-s. If those 
latter aro hard pressed, tliorc> is always the possibility 
that such (pialiti<‘H may be nnule the starting-jHant <4 
a similar method of defoneo for tin in also. But the 
disagrecahltt properties inny also pass on into stages 
wliich hold theii' own sticeessfally l>y i lalsirate and 
perfect Protective BeseinblHiieeH, and then siieh quali- 
ties, unattended by Warning (.'olours, are entirely use- 
loss to tho stage, but may Ihj impratanl as a lahail 
possibility for the future. It must he rememlared 
that an unpleasant attrihute must always appear in 
advance of the warning colouring. An ejcaiuple is 
afforded by the Buff-tip Xfoth {/'//?/« m hnniiimht}, 
which is beautifully protocted, during nst, by rej,i in. 
bling a piece of rotten liehon-covererl stick (see page 
57), but which nevertheless retains something of llie 
unpleasant tasto by which its caterpillar is elTertuaHy 
protected. 
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The metalMo appearaace of certala pupie may h© of 
valae as a waroing 

At lliiJi point it irt of interest to ooriHiflifr tlu! cuHim 
in which t!io mctnllic appciimnco of a cht*y«iUw may 
act as ft warning. Dr. Fritz MiiUtsr tolln m<! that tho 
hriiiiant tnotallic piipie of tho BoutJi Anioricftn Imttor- 
fly, Meehanitk lyaimnia, hang in gronpn frinn t!i«> 
Icavoa of their f<K)d-pIant {Hulnnnm). TIu) huttorfly of 
this «ix}cic8 is certainly diHluHti fiil, for tin* gi iitiH is 
miinickotl hy ItutUsrfiics of otiicr fainilii H. ThiH fjuit, 
and the grcgarioitH hahit «if the pnpin, rendi f it nearly 
cortain that tin* glittering uppearanco hiiK a warning 
signific!Uic«‘. The Hiiine is prohaldy true of tho pupa 
of llu! alnmdant Indian Initlorfly {Kuphm nm), which 
Mr. E. A. Miiiehiii mo posKcssos a hriiiiant silvery 
appearance, ntjd is so conspicuous that it can he mien 
from a great distance. This hutterlly also belongs to 
a group protected hy ati unpleasant taste or snioll, 
and there is little donht that tlie metallic appearance 
of the pupa has a warning meaning. 

Warning Colours in other orders of Insects 

Passing now to tho other orders of insects, highly 
conspicinms and ahimdant iKsitlea (C'ohsjptora), sneh 
as tho hlftek and red ‘soldieiw and sailors’ {Tek- 
jihorm), the red and block ladybirds {Cmeimlla), ajid 
the red and blue-black Chr^iomela poptdi, have been 
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shown to be extremely nauseous, and the two latter 
emit a very unpleasant smell. 

The sting possessed by the females of so many 
Hymenoptera is obviously an unpleasant attribute, 
rendering the insect disagreeable or even dangerous to 
eat. We find accordingly that stinging insects are 
often rendered conspicuous by warning colours, of 
which the contrasted dark and yellow bands of the 
Common Wasp, the Hornet, and of many Humble 
Bees, furnish examples. 

Warning Colours are also to be found in other 
orders, but it is unnecessary to give further examples. 
They will be recognised in numbers in any country 
walk during the summer, although the experimental 
proof of the co-existence of some unpleasant attribute 
is still wanting in a large proportion of the cases. 

Warning Colours can only be safely adopted by a small 
proportion of the Insects in any country 

The acquisition of an unpleasant taste or smell, 
together with a conspicuous appearance, is so simple 
a mode of protection, and yet apparently so absolutely 
complete, that it seems remarkable that more species 
have not availed themselves of it. What can be the 
principle which works in antagonism to such a mode 
of protection? Thinking over this subject, as the 
result of a lecture upon the facts and conclusions 
already described,^ it appeared probable that such an 
* Beliyered at the Eoyal Institution in the spring of 1886. 


WAKN’IMrt COr^»!tRS 


untiigonirttk' principli? wouUl Ihj ftiimcl in Uio tcio min- 
pli'tf* mim iirt «f Uh! muthrwl If a Vi*ry miiuuon 


ill thin way, tlio lattfr might b« forctal to 
ilfvour the* mijmiatahki fomi in ordur to avoid atarva- 
titm. And the aanMi rcault micht rciadilv I>« brought 


HjiMies wnicti wero important aa looa. n omso an 
inaect'oating apiMucm wern driven to oat any mich 
inaectin apito of Um* niipioaKant taHio, it would gradu- 
ally como to dovour it with ridinh, and tho inwoet 
would bo in groat dangijr of i*stt-rniinaticn, IwoBUBe 
of itB conKpio.HoiiH apiitiarnnce. 

If thiH roaHoning Ims oorroct, it ia cloar that the 
mwlrt of dofonoe i» by no moans perfoet, and that it 
deponds for its bucoohh upon the oxistoncoof ridativoly 

ment must l»o strictly Hmitod. 


Abtence of Warning Colours in the seasons when 


a 
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conspicuous at these times, when all the tints of nature 
are sombre and form a background against which the 
Warning Colours would stand out in startling contrast. 
Certain species, which are defended in this way, pass 
the winter in the brightly coloured stage of metamor- 
phosis ; but they conceal themselves as completely as 
possible under loose bark or among dead leaves, &c. 
This is true of the common ladybird, and I have 
noticed that they begin to hide comparatively early in 
the autumn, when the insects are rapidly diminishing 
in numbers, but before the beginning of the cold 
weather. It is therefore probable that they hide in 
order to conceal their bright colours and not to escape 
the cold. It is also known that ladybirds are eaten 
by the Green Tree frog in winter, when other insect 
food is scarce, and also by hungry birds, although 
they are intensely disliked and are refused (at any rate 
by the frogs) if other food can be obtained. 

Experimental proof that Insect-eating animals, if 
hungry, will eat unpalatable species 

This conclusion was tested as completely as pos- 
sible by offering conspicuous unpalatable insects of 
many species to animals from which all other food 
was withheld. Under these circumstances the insects 
were eaten, although often after many attempts, and 
evidently with the most intense disgust. 
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Natural selection has enabled certain animals to eat 
unpalatable Insects with apparent relish 

Naturalists have always recognised that an insect 
may he distasteful to one animal, but palatable to 
another. It is, however, very probable that these 
differences have been acquired comparatively recently, . 
and have arisen out of the competition for food. In 
most cases the change of habit has not become so far 
confirmed that the previously distasteful food is eaten 
with avidity and pleasure. Again, when we find that 
the taste of an insect is recognised as nauseous by a 
standard wide enough to include mites and spiders as 
well as birds, lizards, and frogs, it appears probable 
that any difference of opinion is due to an altogether 
exceptional immunity conferred upon certain species ’ 
by natural selection. 

Nauseous qualities probably do not affect Insect 
parasites 

It is probable, however, that this argument does 
not apply to insect parasites, which are not in the 
position to gratify their tastes, but must make the 
best of the larva in which the parent has deposited 
her eggs. It is clear that even the most nauseous 
forms must suffer greatly from the attacks of enemies, 
for the average number of individuals in each species 
appears to remain constant. It is hkely that the 
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numbers are kept down by siutciiil iinbiiity to tin* 
attacks of insect parasites, in one or more htaK' H. 
Thus th(! larva of tint Lar{^(■ (iartUsii Whitts il'in'in 
hrasdcce) is known to bt; miuseous, but the im- 
munity from attack whitsli it enjoys hy no means 
extends to its insect foes. In the anttiinn of IHBH I 
colltittted some hnndrcds of these iiirva* in order to 
experiment uistn the colours of tlieir pnpie. I «h- 
tainod 101) pupie, while 4*21 mature htrva* tUed from 
the presence of the parasitic gruhsof Ichneumon flies. 


The hkes and ditUkei of Insect-eating animtdt are 
purely relative 

It may las taktai as iirovwd that Iho continued 
spread of some distasttsful fttrm luul the carreH|siniI* 
ing diminution t»f tslible spt'cies wonld Icail to the 
former bijcoining the prey of insts’l-eatiiig nninmls ; 
for a point would ultimately Is* reiwhetl, as it wiis 
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eating animals are purely relative, and are manifested 
to a marked extent when they are offered a variety 
of insects, and when obviously nauseous species are 
excluded from the list. 

Butterflies and moths are freely eaten by lizards, 
but they are not enjoyed like houseflies or many cater- 
pillars. This is probably because the former are such 
dusty and unsatisfactory things to eat, with such a 
small proportion of body in which the nutriment and 
taste is contained, and so large an expanse of dry 
membranous wings with their scaly covering. In 
this respect butterflies contrast unfavourably with 
moths, and the latter are certainly greatly preferred by 
lizards and especially birds. The latter have special 
advantages in being able to pick off the wings before 
eating the body. 

In the excessive abundance of insect-eating ani- 
mals and the keen competition for food which takes 
place, we see the conditions which must render the 
acquisition of an unpleasant taste together with Warn- 
ing Colours an exceedingly hazardous mode of defence, 
if assumed by more than a small proportion of the 
insects of a country. For in so great a press of com- 
petition among the innumerable insect-eaters, we 
may feel sure that some at least would be sufficienfily 
enterprising to make the best of food which at least 
has the advantage of being easily seen and caught. 

The great principle of Warning Colours has de- 
servedly taken a most important place among the 
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principlefi which deal with Uh- infiiiiti ly (■(duiiU x and ! 

ever-changing relatinnH which rdttnin hitwtiii the 
most widely aeparaled, no Ichk than helwi t u the lutmt 
closely allied, ineinherH of the orgaiiie kingdom. Hut, 
nevertheksKH, this iirinciphs earries with it its ertvn 
conipeiiHating princiide, which will eotiie into oiiera- 
tion precisely us tin; forim r advances to tins jtoH«imsi(!>n 
of unduo inlluence. 

The education of enemies assisted by the fact that L 

Warning Colours and patterns ol^n resemble each other ’ 

It is prohahly iinneceHsary for the young inseet- 
eating animal actually to make trial «»f mery s}Ka’ies 
of nauseous insect in its locality, in order to he J 

equipped with an eflicit'nt stock of esja riericea with | 

which to conduct ita lah r life. Hnch an education 
would he somewhat dearly hought ; it would he un- 
pleasant to the iuHCct-eater and deatructive to the ' 

insect. Bince, however, the same cokmra an* em- 
ployed again and again hy unpalatnlde or dangerous 
insects of very different groups, and since tluj patterns 
are also fretjuently ro|>eatod, it Is obvious that a eoin- 
parativcly few unpkitsant esiHjriences would la* siifli. 
ciont to create a prejudice against any insect with a 
colour or pattern at all resembling the nauseous forms 
which had already produced so dettp an iiiipn ssiott 
upon the memory. 

Tliis conclusion was drawn from the careful com- 
parkon of the colouta and patterns of all insects which 
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iiftfii liijf'li rE|Miritiiiiiliiliy t«il. 

I.I 111 wliirli llit? mrA 

tlllirrfilW' till'* it|wil lli»- sin 
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tills Umk (I'lr miriii? vi-ry ilmrk iiiwl yrthm, 

oniiigi% <ir f ii4 1 iiii4 it f«iiiiiil llinl ip'iiiIv »ll 
iiiijiiiliiliil4i? nr r»4**tir*”4 witli 

lliitiitt till in. fliii mhunUm tir<|«ii4li»tt 
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firiiimrily itiio l*i iJio furl tliiit ilimt m inily « liiiiilrifl 
itiitiilior of ii}p|irii|irifilr |iiitirrfi«, litii iiImi# lirriniiifT tli** 
rrt«4ili«iii m ill itw4f ii«l%mtiliigr«itii itiitl tm^ llp-rrlttro 
liiMiii mtmmmgtd hy wmtiirtti mlmlmt* 
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Some of the advantages of true mimicry (to be 
more fully described below) also follow, when a group 
of insects is rendered conspicuous by the same 
colours and patterns, and when certain members of 
the group are noted for the possession of especially 
unpleasant attributes. Thus it is more than probable 
that the species marked by alternate rings of black 
and yellow (including the chrysalis of the Magpie 
Moth and the caterpillar of the Cinnabar Moth), gain 
considerable advantages from the justly respected 
appearance of Hornets and Wasps. It must not be 
forgotten, however, that the latter also are, probably 
benefited, although to a much smaller extent, by the 
greater publicity which follows from the resemblance. 


The causes which have determined the resemblance 
between Warning Colours in different Insects 

Hence the causes which determine the frequent 
repetition of the same colours and markings in dis- 
tasteful forms are as follows: (1) The fact that a 
limited number of colours and patterns are especially 
efficient in attracting the attention of enemies, and in 
thus facilitating their education; (2) the fact that 
the education of enemies is also rendered easy by 
requiring them to learn only a small number of pat- 
terns and colours ; (3) the great additional advantage 
conferred by trading upon the reputation of a well- 
known and much-feared or much-disliked insect. 
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The warning appearance acquired by any insect is 
also largely determined by the character of its previous 
appearance, which formed the material upon which 
at any rate the first steps of the change were built. 

In some cases we can successfully read the history 
•of past changes, and can point to certain parts of a 
warning appearance which are remnants of a previous 
mode of defence by means of Protective Eesemblance. 

Thus the orange rings of 
Cinnabar Moth harmonise 
well with the flowers of its 
food - plant, ragwort.^ The 
acquisition, or perhaps only 
the greater prominence, of 
the strongly contrasted black 
bands, and above all, the 
gregarious habits, are the 
later developments which have 
followed the acquisition of an 
unpleasant taste. Again, the 
caterpillars of the Mullein 
Moth which 

are so abundant and con- 
spicuous on various species of 
Mullein (yerhascwm), are even 
now difficult to detect when 
resting among the dark and 
yellow sessile flowers studded upon the surface of the 

^ First noticed by T. , W. Wood : Insects in Disgmse, Student, 
1868. 


the caterpillar of the 



Pig-. 46.~Two larvaa of Miillein 
Moth (fiucuUia verhasci) on 
the spike of the Mullein; small 
in last stage ; natural size. 
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thick green spike (see fig. 46).^ The conspicuous 
appearance chiefly depends upon the gregarious 
habits, and upon the fact that the larv86 com- 
monly rest on the upper surface of the large leaves, 
which form a background against which the larval 


Fia. 47.— Larva of MiiUoin Moth on leaf of Mullein ; full-fed ; natural nisse. 

colours stand out with startling distinctness (see fig, 
47). It has been proved that these larvae possess an 
unpleasant although not an extremely nauseous taste, 
so that here also we have evidence that the change 
from a palatable well-concealed form is only recent 
and is as yet incomplete. 

‘ This observation was communicated to Professor Meldola by 
Mr. Thomas Eedle. 
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CHAPTEE XI 

WARNING COLOURS {continued) 

Sexual colouring may be made use of for warning 
purposes 

In addition to the modes of producing a warning 
'pearance which we have hitherto considered, and 
nich are almost uniyersal in this country, there is 
LOther method which is very conspicuous in the 
Dpics. In certain groups of mature insects, and 
pecially in butterflies, the beautiful colours and 
btterns which have been produced by courtship, 
>pear to have been made use of as an indication of 
toolb unpleasant quality. 

Xlie diflferences between Sexual and Warning Colours 

The tints used in and produced by courtship are 
3 a rule easily distinguished from Warning Colours, 
T'eir when both occur in sexually mature insects, 
lie former rarely usurp the whole surface of an in- 
^ct, and they are carefully concealed during repose, 
liiis the upper sides of the upper wings of most 
loths, and the under sides of both wings in butter- 
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flies, are generally protectively colnnred, and hirle the 
bright colourK of other jiartn \vh(*n tin* iiiHeet in at 
rest. If the parts exiioHcd tluring rest are conspitni- 
oiisly coloured it is clear tluit they chiefly posKcsa a 
warning Kiguificance. 1 wiy * cliietly,' heranHe it irt 
prohahle. that the aiipearuuce of lh«! iiiittuni individnulrt 
of any species, liowever imieh it may he speeia]ined for 
other eials, poHsesHeH a Kcxual signifieiiiiee, and appeals 
as an adornment to the modified taste of the indiviihuils 
of the same spcteieH. W<' have a rough <'riteri<»n of 
th(! extent to whicdi tin- taste 1ms het-n modifii d wljen 
m‘. compari^ the appearances which have otin r addi- 
tional iiKianings with those winch possess ii sexual 
vahui alone, and which are <-on('tiated except during 
flight and an; esptcially displayed in cotjrtsbij). 
Warning Colours are ulsct displayed during the slug- 
gish flight of a nauseotiH Kp<-ci«'M, hut the insecds with 
purely onuimental colours ar« swift and wary when 
upon the wing. 

But quite apart from them! eonsidemtions, the 
Warning Colours can la; distingtiished by the aulajrdi- 
nation of every other feature to that of conspieuotiK- 
ness. Crude pattctrim and startling strongly eonlrusted 
colours are eminontly eliaractoriatu* of a warniiig 
appearance, wliih; the colours ant! patterns produced 
hy courtship include everything that is most hi-autihd 
in insects. Tho two kinds of appeunuiec differ as an 
advertisement differs from a la'iiutiful juidure: the 
one attracts attention, the other exeiti s itthHinition, 
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The transition from Sexual to Warning Colours 

The two groups nevertheless run into each other, 
and a beautiful transition is afforded by the insects 
in which sexually produced colours and patterns are 
made use of for warning purposes. When this is the 
case the colours spread on to the parts which are ex- 
posed during rest, and the flight becomes sluggish, so 
that they are displayed as completely as possible. 
These are the insects which are the principal models 
of mimicry in tropical countries, and Bates’s classical 
paper, in which an intelligible theory of mimicry was 
first brought forward, deals with the groups which are 
found in the Amazon valley, and with the forms which 
resemble them and share the advantages conferred by 
their well-known and nauseous qualities. The evi- 
dence for the existence of such qualities is better 
considered under the next heading, viz. Mimicry. 

Eesemblauce between suck Warning Colours in different 
species 

The members of each of these groups resemble one 
another to a marked extent ; far more so than the 
species of other groups without Warning Colours. 
Thus the advantage of facilitating the education of 
enemies is gained by them, although it has arisen in a 
manner different from that already described in other 
unpalatable insects (see pp. 184-86). 
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The similarity has arisen from the fact that the 
species in each group are closely related, so that 
natural selection has maintained an initial resem- 
blance, instead of causing conyergence, as it has done 
with more distantly related species. Plence repetition 
of the same appearance may be produced by a pre- 
vented divergence, as in these cases, or by the actual 
convergence of forms originally unlike, as in the former 
cases. 

The convergent forms are more perfectly con- 
spicuous, more ideally warning, because they have 
been further modified from their original appearance; 
while the forms in which divergence has been arrested 
have merely adopted, with comparatively slight modi- 
fication, an appearance which was produced by the 
operation of other principles, but which is sufficiently 
well known for the purpose. 

These interesting conclusions have gradually grown 
out of the observations of many naturalists. 

The arrested divergence, sometimes aided by actual 
convergence, has produced such remarkable resem- 
blances between certain species of unpalatable insects, 
that Bates speaks of the wonderful fact that such 
species mimic each other. Wallace at first looked 
upon these mysterious resemblances as due to some 
unknown cause connected with locality, for the 
similar species are nearly always found together. 

The difficulty was at length explained by Fritz 
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Miiller.^ This eminent naturalist suggested that both 
species were benefited by the resemblance, because 
the number of individuals which must be sacrificed to 
the inexperience of young birds and other enemies 
would be made up by both of them instead of by each 
independently. This fruitful suggestion was at once 
accepted by Wallace.^ The mathematical aspects of 
the subject were accurately worked out by Mr. Blakis- 
ton and Mr. Alexander, of Tokio, Japan.® 

The next step was taken by Professor Meldola,'* 
who extended Fritz Muller’s explanation of these 
comparatively rare cases of close resemblance, to the 
general similarity which obtains throughout whole 
groups of unpalatable and conspicuous species. ‘ The 
prevalence of one type of marking and colouring 
throughout immense numbers of species in protected 
groups, such as the tawny species of Danais, the 
barred Heliconias, the blue-black Euploeas, and the 
fibrous Acrceas, is perfectly intelligible in the light of 
the new hypothesis.’ 

This list comprises the whole of the large groups 
of butterflies alluded to in the last few pages. The 
species belonging to them are very famihar in every 
collection of tropical butterflies, while some of them 
are even abundant in temperate climates. Until re- 

* IPima and ThyriMa, Kosmos, May 1879, p. 100, translated by 
Meldola, JProc, Ent. Soc, Lond, 1879, p. xx. 

^ Nature, voL xxvi. p. 86. 

^ Ibid,, vol. xxix. p. 405. 

* Arm. and Mag, Nat. Hist. December 1882. 
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cently, tho British buttcrllu-s <li<I not inchnlw iin ex- 
ample, hut a largo and hamlsoino Ann rican Diwuiid 
(Danais arrhippuK) Kooins to ho gradually oJktondiiig 
its range into every country where the forwl-pIantH 
(Asclepiads) of its larva are to ho found. Keveral 
individuals have been caught in this crauitry of late 



Fl«», North Anit^rlritii whlfh hm ii-ow ■.'|'‘rr«t4 

llik wmiitry ; half 



*4 ilw wlut#, 

yMirs, and there is no doubt that it will thorfuighly 
establish itself if it can meet with a sufllciiint supply 
of larval food, and can withstarul the ceaHelt Hs t-tiergy 
of collectors. It is far larger than any of (uir native 
butterflies. It is shown half the natural r’m- in 
fig. 48, while fig. 40 gives the appearance of flu* 
under side. The latter figure shows that the iiiHW’t 
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t be as conspicuous at rest as it is on the wing, 
ict which is characteristic of those groups of 
erflies which are specially defended by being un- 
table. In North America Danais archippus is 
licked by Ijimenitis misippus, a butterfly belonging 
very different group. 

•Although the general resemblance between the 
ies in each of these groups is doubtless due to 
sted divergence, there is one very interesting 
which is probably to be explained by convergence 
^oups which were formerly unlike. The Danaids, 
5h are found in the same localities as the Heli- 
as of tropical America, have taken the peculiar 
sarance of the latter, in the arrangement of the 
urs, and in the long narrow form of the wings. 
36 Heliconoid Danaids are therefore distinguished 
I all the other members of the group. It is quite 
ous that both Heliconias and Danaids are benefited 
ae fact that the insect-eating animals of the region 
' inhabit have to learn but a single mode of flight, 
)e of wing, and general arrangement of colours. 
Although these resemblances, produced by conver- 
56 or by arrested divergence, are transitional into 
often contain an element of true Mimicry, they 
t be distinguished from the latter. In true 
dory, the mimicking species are without unplea- 
attributes, and are sheltered under the reputation 
bbundant and well-known forms in which such 
.bates are strongly marked. In the resemblances 
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considered here, all the similar forms possess unplea- , 

sant attributes although they may possess them in ' 

different degrees. 

The remarkahle likeness between many of the ^ 

species of Burnet Moths (Zygsenidae) is probably due ^ 

to arrested divergence. They are all conspicuous 
black and red moths, and some of them are known 
to be nauseous. 

The unpleasant qualities may be concentrated in special j 

parts, which are so placed and coloured as to attract 
the attention of enemies 

In certain cases the warning appearance is of a 
different kind. The organism possesses a highly 
conspicuous feature to which the attention of an f 

enemy is directed ; if seized, the structure breaks off 
without harm to the animal, but with very unpleasant 
results to the enemy. It is probable, that this method 
of defence will be found to be wide-spread. 

The defensive value of ‘ tussocks ’ ; 

I 

Only recently, in the summer of 1887, this ex- 
planation of the beautiful flat-topped tufts of fine N 

hairs, called "tussocks,’ which occur on certain cater- 
pillars, was shown to me by the results of an experi- 
ment.' The tufts are often light-coloured, and are ; 


^ Trans, Ent. Soc, Loncl, 1888, pp. 689-91. 
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generally placed on an intensely black ground colour, 
which shows them up and makes them appear to 
project more than is actually the case. In the well- 
known ‘Hop-dog’ or ‘Tussock’ caterpillar {Orgyia 
2)udibimda) there are four ‘tussocks,’ each upon a 
separate ring, and the furrows between these rings 
are of the most intense velvety black. They are con- 
cealed until the caterpillar is irritated, when the body 
is curved in a vertical direction, so that the ‘ tussocks ’ 
diverge, and the furrows appear as black semilunar 
areas separating them and rendering them con- 
spicuous. The hairs of the ‘ tussocks ’ are so fine and 
so closely packed that the tuft does not appear to be 
made up of hairs at all, but to be rather a fleshy pro- 
jection from the back of the caterpillar, and a most 
convenient part for an enemy to seize. Fine as the 
hairs are, they nevertheless bristle with minute lateral 
branches, and would certainly be most unpleasant if 
brought into contact with the skin of the mouth. If 
seized by an enemy, the fine hairs come out in im- 
mense numbers, and produce such an effect upon 
the skin of the mouth that the caterpillar escapes 
unhurt. 

The following experiment suggested the explanation 
which has just been given. A caterpillar of the 
Common Yapourer Moth (Orgyia antiqm) was intro- 
duced into a lizard’s cage, and when attacked, instantly 
assumed the defensive attitude, with the head tucked 
in and the ‘ tussocks ’ separated and rendered as 
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prominent an iKJSsililu. An unwary lizurd Hcizt ci the 
apparently convenient projection ; luont of the * lus- 
Bock ’ came out in itH mouth, urn! thi; c»terj»illar wuh 
not trmihh'd furtlu-r. Tlio iiziir.l npeiit a Ioiir iiml 
evidently newt iincomfortahle time in tryiri^ to get rid 
of ita mouthful of hairK. 

On another occawion a full-grown •Hop-doR’ wuh 
offered to a hungry adult hnitrUt lirulin, hut the 
liisard knew the dang* r, and kept trying to find Home 
part of the body which could he nafely Hi izi-d. The 
caterpillar remained motioiihmH in th»' defeitHive 
attittido during the whoh: attack, which luHled msveral 
miimteH. In tluH attitnde the ‘ f iiUMwkw ’ w«^re heh! 
in the moKt tempting manner, while all otlicr parta cjf 
the liody hriHlled with sharp stiff spines. This ta- 
perienctsl lizard finnily seized this hack of the larva 
a long way behind the ‘ tussocks,' evidenlly h«»king 
U{>on th(! bristles as tlm lesser evil. Although killed 
the caterpillar was not swallowed, and it had only h»»<n 
seized after many attempts and the cbwst examina- 
tion. It is quite clear that the hairy covering would 
have saved it from any except a very hungry eiu iny. 

Evidence that Insect-eating Animals leam by experience 

When wo compare the lahavioar of tla si* two 
lizards wa lind strong evidi-nee for the opiniou that 
inwict-eating animals learn hy c,xjH*ri« nee. ! have, 
however, come across more direct and lonviming 
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proofs of this conclusion. Thus, the chamseleon which 
has been previously referred to had just been imported 
into this country when I received it, and it had probably 
never seen a common hive-bee in its life. I put a living 
bee in the cage, and the lizard immediately began to 
watch it, and, as soon as it had settled, captured it 
with a dexterous shot of its long tongue. As the 
tongue was being withdrawn with the bee adhering to 
the sticky pad at its extremity, the chamaeleon was 
stung and immediately showed signs of discomfort, 
throwing its head from side to side, and thus jerking 
the bee off. For many months after this I put 
bees into the cage at irregular intervals; but the 
chamaeleon’s education in this direction was complete, 
the single experience was sufficient, and no other bee 
was touched. 


Similar highly-coloured and specially defended features 
occur in certain Marine Animals 

A very similar example from an entirely different 
group of animus has been recently brought forward 
independently by Professor W. A. Herdman ^ and Mr. 
Garstang. These naturalists suggest that the brightly- 
coloured dorsal papillae of Eolids (Nudibranchiate 
gastropods) have the same meaning as the ‘ tussocks ’ 
of Orgyia, being far more conspicuous than the rest 
of the body, easily detached, and often reproduced by 

^ Be^ort of British Association at Newcastle^ 1889 . 
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growth in two or three tlajH. The* nemiitop.VHtu at the 
tips of the papillie would t-onvey a IcKmui to the eiu uiy 
similar to that taiiglithy th(! line hairs (d theMnssoeKs.’ 

Mr. Oarstang has Jif)W tested this suggestion hy 
experiment, ami he linds that lish will not attnek the 
Eolids under normal etJiidilions. lie iher* fore threw 
one of them (the orange variety of ('nmliiiti Farmni) 
into the tank containing young pollack (</«»/«# /ad/a- 
chim), which generally swallow any ohjecd whih? it is 
descending to the ladtom. The Eolid was swallowed 
and rejected after a second or twf» hy two lisli, which 
then shook their heads as if experiencing discomhirt. 
Similar movemnints wen? made when the Issh were 
induccHl to seize the H|« ciaily defeiuled tentiwles of sea- 
aneraonoH, and when they atleiiipted to swallinv the 
Poludrrm, descrihed on p. 201. Mr. (Jarstang then 
found that the Eolid causi-s a distinct, though faint, 
tingling sensation when placed on the tongue ; while 
larger species {FaceUna mramta and Ffilh AUkri) 
produce much more marked effects. 

The protectively coloured Opisthohranch, Jltniwa 
(seo p. 70), has well-developcal da6nsiv(! papillse, 
and Mr. Oarstang finds that whenever a shadow 
passes over it, tho head is at once relraeted, and the 
papilla! rendered very prominiml. *rins Is havixur k 
exactly similar to that dest'rilmil in the liirvie of thtji/m 
(see pp. 197”0B). The reaction under the htinmhei 
of light is associated with the iinuHindly large ey«« of 
the genus. 
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Mr. Garstang has still more recently come across 
an instance of the same kind in a bright red marine 
•worm, one of the Terebellidcs (Poly cirrus aurantiacus) , 
which, unlike the rest of its family, has dispensed 
with the protection of a tube, and creeps about in the 
crevices of stones and among the roots of Laminaria. 
It has an immense number of long, slender tentacles, 
and when touched, coils itself up in the middle of them. 
The tentacles break off very easily, and evidently possess 
some unpleasant attribute. When the animal is irri- 
tated the tentacles become brilliantly phosphorescent, 
so that they are conspicuous by night as well as day. 
Mr. Garstang obtained experimental evidence of the 
validity of this interpretation. He placed a specimen in 
one of the fish-tanks in the Plymouth Laboratory ; only 
one pollack ventured to seize the worm, but ejected it 
immediately, and would not touch it again. Another 
fish made three vigorous attempts to swallow it, but 
finally left it. Another, a very voracious rock-fish, ac- 
tually swallowed it, but immediately afterwards began 
to work its jaws about as if experiencing discomfort. 
Mr. Garstang then cut the head and tentacles away from 
the body and threw both pieces into the pollack tank : 
the tentacles were untouched, but a fight took place 
over the body, which was torn into several pieces and 
swallowed with great relish. Mr. Garstang has kindly 
allowed me to describe these interesting experiments, 
which have only just been made, and have not, as 
yet, been published elsewhere. 
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Adyentitioiis waraiaf eoloiirs 

Uiider iliiH lu*ad wo jiiiiy iiirliali? ii fo'w vrry in* 
tortJHtiiig (mnoB iii wliadi piiliitiihli* aiiiiiiitlrt iriulto iinii 
of otherB winch lUTHpi^ciallj dofiioit-d niitl ciiiiHj 4 ciiciii» 
in onlor to gaJu |»rolc'i’tinii. Hiirli n iiiotlinil of flofoiit'ii 
bc’iirH tho BaiiH* relation to Wii riling Colniirs iib IIio 
exam|)loH of AdvojitiiiotiB I*roiia*|piii iiiiil 
bear to true Protective Ib^Heiiiblitiiee CBet* jiji. Ill -Hill, 

A uioIluHc wliicli c.iicfHirugeB ii cleiiHi" of 

algjo upon its iihe!! in c|f‘feudecl by Aiiveiitilioiw Prn- 
teciivti Ii(*Herii!.ilai'U‘e ; liowr*ver, Up* iil||,ie ws'^rr 
brilliantly eobuired nrul imUHeoiia t*r file 

c*ximip!ii would fidl iindi^r AilveiititifiiiB Wiiriiiiig 
Colouration. 

ProfoBBor JtomaniiB * liriiiiiB forwurd iif ii 

inoBt iuterestiiig iiB«ca*iiiiioii of rriiliB willi mm* 
mumomm. He qtaoten frfari Miibitw tlie reriuirliitlib^ 
ease of * two emim lailongitig to fliiferi?iit gi*tif^rii ivliit'li 
have tfie habit of llruily pitijiiiig fi in 

each eliiw, iiud carryiug tlufiu iilaiiil ; ^ itlwi from P* IL 
the fiwt that whmt the 8c*tioiiieiii*iii«^ ( hkm»M 
pidlktu) m removed from it» |a«ititiii tijwiii 
of the hermit criib (Pmfimm wiiirli in- 

variably carries it, the crtib ‘iilwiiyi Iw*! it itji in 


• Anitmd InMiig*m 4 ^e, lwkrp»li«n»i |s|4 ai, 

® I-kUrS00 mr Mmrmfmmm fkr tmd 
■* Zmhgmtf liait |»p. 
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its claws and held it against the shell for the space 
of ten minutes at a time, until fairly attached by a 
good strong base.” ’ This fact seems to indicate that 
the crab detaches and refixes its anemone when it 
changes its shell in the course of growth, Eomanes, 
however, quotes from Dr. R. Ball ^ the statement ^ that 
when the common Sagartia parasitica is attached to a 
stone, and a hermit crab is placed in its vicinity, the 
anemone will leave the stone and attach itself to the 
hermit’s shell.’ 

Mr. Gars tang tells me that at Plymouth there are 
two species of hermit crab associated with two distinct 
species of anemone : the Pagurusebnd Actinia mentioned 
on p. 202, and P, bernhardus, which bears Adomsia 
Bondeletii. He finds that hermit crabs are eaten with 
great relish by fish ; they are, in fact, much used as 
bait by fishermen. Hence the association with the 
inedible Actinians must be of great service. When 
the hermit crabs are young and small they are obliged 
to live in shells without anemones, and Mr. Garstang 
has often found them, shells and all, in the stomachs 
of gurnards and other fish. He has never found the 
larger crabs with shells suited for Actinians in the 
stomachs of fish. 

Another hermit crab at Plymouth {Pagurus cm-- 
fiensis) is always found in shells covered with a bright 
orange-red sponge {Suberites domuncula), Mr. Gar- 
stang finds that sponges are intensely disliked by fish ; 


CritiOt March 24, 1860. 
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the smell alone is generally sufficient to repel them. 
Many Crustacea are known to live in the canal systems 
of sponges, and are thus protected. The significance 
of this association is to be found in the fact that 
Crustacea are the animals most relished and sought 
after by fishes, and that sponges are extremely re- 
pugnant to the latter. 

Such cases as these are some indication of the 
severity of the struggle for existence among marine 
forms of life. Very interesting evidence of this is to 
be found in Bateson’s notes on the protective habits 
of shrimps and prawns.^ He states that the wrasse 
will find a shrimp if the least bit be exposed, in spite 
of its protective colouration. If, however, ‘ the sand be 
fine, a shrimp will bury itself absolutely.’ We can 
well understand the immense advantage which would 
be gained by a much persecuted crustacean if it 
associated with some animal repugnant to its foes. 


Colours and markings which direct the attention of an 
enemy to some non-vital part, but which are not 
attended by unpleasant qualities 

From cases such as those which have been just 
described we pass, by a very natural transition, to 
colours and markings which attract the attention 
of an enemy to some non-vital part after the animal 

^ Joimi. Mar. Biol. Ass., New Series, vol. i. no. 2, Oct. 1889, pp. 
211 et seg[. 
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has been discovered. The part seized by the enemy 
breaks away, and thns gives the animal another chance 
of escape. The cases differ, however, from the pre- 
ceding ones in that the enemy is in no way injured 
by its mistake. In correspondence with this difference 
such features are associated with Protective Eesem- 
blances leading to concealment, and are not them- 
selves highly conspicuous, or are only conspicuous 
when the animal is thoroughly on the alert. The 
object of these characters is to direct attack to some 
unimportant part after all other methods of defence 
have failed, after disguise has been penetrated or 
speed surpassed. 

This is probably one of the meanings of the 
brightly-coloured wings of butterflies, in addition to 
their more obvious use in courtship. When the insect 
is flying they form a conspicuous mark easily seized 
by an enemy, and yet readily tearing without much 
injury to the insect. On this account we generally 
find the wings torn and notched when an insect has 
been long on the wing. 

In the spring of 1888 I caught a large number of 
Clouded Yellow Butterflies {Celias edusa) in Madeira. 
The limited number of species in the island (there 
are only about a dozen), and the abundance of 
small omnivorous lizards and of insect-eating birds, 
lead to the keenest pursuit of the butterflies, and I 
noticed that the hind wings of a considerable pro- 
portion of the Clouded Yellows were notched just 
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behind the body. The notches generally corresponded 
on both hind wings, the insect having been seized at 
the instant when the wings came together in flight, 
or during one of its short pauses upon a flower. From 
the position of the injury it is clear that the enemies 
were aware of the situation of the body and attempted 
to seize it, but that they had been frustrated by the 
swift and wary butterfly with its bright yellow wings 
extending behind the short body, and offering an 
apparently convenient point for seizure.^ 

The bright yellow black-bordered under wings of 
the moths of the genus Tryjohcena (Yellow Underwings) 
also possess this among their other meanings, as Mr. 
Jenner Weir has pointed out: they are exposed during 
flight, and their colours are far brighter than any other 
part of the insect. It is also very common to find the 
margin of these wings notched in captured specimens, 
and this is often the case when all other parts are fresh 
and perfect. The red and black under wings of the 
genus Catocala (including the Bed ’ and Crimson 
Underwings) are perhaps useful in the same way. 

A still more interesting and obvious character of 
this kind is to be found in markings which actually 
suggest the presence of a vital part, such as an enemy 
would be likely to seize. On one occasion I intro- 

^ Skertchly has found such mutilations not uncommon among 
Bornean butterflies : he also notices the correspondence of the injury 
on the two sides. The wings are not torn in this way by flying 
through thick branches ; Skertchly states that even the most fragile 
butterflies can pass unharmed through dense undergrowth. 
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duced a Small Heath Butterfly {Coenonym^pha pam- 
philus) into a lizard’s cage. It was at once obvious 
that the lizard was greatly interested in the large eye- 
like mark on the under side of the fore wing: it 
examined this mark intently, and several times at- 
tempted to seize the butterfly at this spot. The 
observation seems to point to, at any rate, one use of 
the eye-like markings which are common . on the 
under sides of the wings of butterflies. 

A very perfect and elaborate example of the same 
kind is witnessed in the Hairstreak Butterflies {Theda), 
Each hind wing in these butterflies is furnished with 
a ‘ tail,’ which in certain species is long, thin, and 
apparently knobbed at the end. When the butterfly 
is resting on a flower the wings are closed and the 
hind wings are kept in constant motion, so that the 
^ tails ’ continually pass and re-pass each other, This 
movement, together with their appearance, causes the 
^ tails ’ to bear the strongest likeness to the antennse 
of a butterfly ; the real antennae being held so as not 
to attract attention. Close to the base of the supposed 
antennae an eye-like mark, in the most appropriate 
position, exists in many species. The effect of the 
marking and movement is to produce the deceptive 
appearance of a head at the wrong end of the hod/y. 
The body is short and does not extend as far as the 
supposed head, so that the insect is uninjured when 
it is seized. 

This interesting fact of the resemblance of the 


208 


THE COLOTJES OF ANIMALS 


tails and adjacent parts to a head in Theda has been 
long known : it was first observed by Dr. Arnold in 
the case of a foreign species {Theda larbas), and was 
confirmed by Dr. Forsstrona in other species. The 
fact is quoted by Kirby and Spence under ‘ Means of 
Defence of Insects/ but the interpretation offered, that 
the insects ‘perhaps thus perplex or alarm their 
assailants/ hardly expresses the true significance of 
the character.^ 

The same fact was independently discovered by 
Mr. E. C. L. Perkins in 1888, and this keen naturalist 
at once perceived the meaning of the character — to 
divert the attention of an enemy towards a non-vital 
part. The discovery is of especial interest because it 
was made upon an English species {Theda W-album), 
and because Mr. Perkins tested his explanation by 
finding that this part had been torn in a considerable 
proportion of the butterflies. 

The observation renders it extremely probable 
that the slender ‘ tails ' which occur in the same 
position in many ‘ Blues ’ {Pol/yorrmatus), and the 
bright colours and eye-like spots which are often 
associated with them, have a similar meaning. The 
‘Blues,' when resting on a flower, have the same 
habit of moving the hind wings, as I have often ob- 
served in our common English species which are 
without ‘ tails.' The movement is such as would 
render the ‘ tails ' prominent and antenna-like if 

‘ Ki/rhy cmd People’s Edition, 1867, p. 423, 
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limy mmt ; aiitl it may, therefore, liave per- 

Hintetl from ii tiiiii! w!i(*ri the hutterflieB poBHc^BHcd these 

IlfIpOlldllgl’H. 

Similar features in Eeptiks 

A Bimiliir iMii?rpretiitioii iipplioH to tliC! tails of 
lixiirtiH, hrriik off the iuBtaiit an attempt is 

iiiadr to eaptiirc! tht* ariimiil by sruj^ing this part. Tlia 
tiiil is, fif c'oiirHe, the first part wliieh tlie piirHiier lias 
llir* t'liiiiiee of The gl’Mii length, of the tail, 

Eiifl the rapidity witli whicdi it is n-ne.wed after being 
lihrd, iilso Biip}ic,irt tliin inierpriflatiotn 

Similar ftalures k Mammals 

.It k Vfty jMWiiitile that the welbknown iieciiliarity 
Ilf tla^ liiii of the* doraicHim! is to be iJXpIaituKl in tlu*^ 
fiiiiiii* itiiiiiiii.^1% Tie? large I.HiBliy tail of the 
limy I'lfiBiieiiii a siiiiihir iiieiuiing (among otliers), for an 
eiit'ii'iy ill piirBiiit ivoiild lie liable to gift only a monthfid 
of fur. In llie tiorlli of Knrope the HcjnirrelH whieh 
freijiHfnt lli«’ liirclieg tm* Idaek, while tlioHo on the 
lire liriiwii : Imi|!i viirii.dies, whieli are probaldy 
ftrnii'cllvr, lieeoiiie greyish in winter, and thiis Imr* 
iiioiiii*'e milii the frosted liark. .Bat the tails of both 
r« will ihtdr Hiiiniina* eoiotir, and would be Huih more 
I'fiiiMpiriinim. TIiw fiiet wiia potiiteil oat to me by rriy 
friimd Mr. Ii. .lliilfmird 

» 11*1 ilir liitiei A rtiiiiigw in ili« c.:nlwir ef tliii toll 
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Similar features in MoUusca 

Semper ^ has shown that certain freely exposed 
and active snails in the Philippines {Ilelicarion) have 
the same power of readily parting with their tails, 
and this is also true of a snail in the West Indies 
(Stenopus). The tail, or rather hinder part of the foot, 
which the animal sheds when it is seized and after- 
wards renews, is more conspicuous than the rest of the 
body. Semper found that the tails had been shed in 
about ten per cent, of the individuals of a species 
{Helicarion gutta) very common in the north-east of 
Luzon. 

Eecognitiou Markings 

A special kind of marking is often of great value 
in attracting the attention of individuals of the same 
species, instead of attracting the attention of enemies. 
Prom its obvious relation to the latter form of marking 
it is best included under the division of Warning 
Colours. Mr. A. E. Wallace has directed attention 
to the importance of Eecognition Markings, and an 
account of them will be found in his recently published 

seems to be not uncommon in certain localities in this country. The 
tail becomes cream-coloured at the end of summer, but resumes its 
ordinary appearance at the beginning of winter. Smaller differences 
appear to be general, the summer fur on the tail being coarser and 
more uniformly red than the winter fur.— Bell’s BnUsh Qtia3nipedB, 
2nd edition, p. 279. 

^ Semper: AwimaZ International Scientific Series, pp. B95 
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volumtf, ‘ DarwiniHiH ’ ({»p. 217-27).' Buch charactora 
may Im of uac in aiding a apcciea to oacapo from ita 
etK‘inii‘H. Tluia grogarioua raammala, ' while they keep 
together, are generally aafe from attack, hut a golitary 
Htraggler lajcomoa an eaay prey to the enemy ; it is 
tlicrefore of tlie highest importance that in such a 
ease the wanderer should have every facility for dis- 
covering its companions with certainty at any distance 
w'ithin the range of vision ’ (foe. dt. p. 217). Becog- 
nituu! Markings would ho especially useful ‘ at a dis- 
tance or during rapid itiotion in the dusk of twilight, 
or in partial Cfiver.’ 

Beoog&ition Markinp in Hanunids 

A very heautiful arid familiar illustration is given 
hy Mr. Wallace—- the white upturned tail of the rabbit, 
by which the young and inexperienced, or the least 
wary individuals, are shown the way to the burrow by 
those in front. It is very interesting to compare this 
wuirking witli that of the skunk, wliich has been al- 
ready describrd as possessing a very conspicuous white 
tail. In till; iiUler case the tail is held so that the 
slow-moving animal is always conspicuous, and appeals 
to the imagination and memory of its enemies ; the 
tail of the fiibbit only liecoiiies conspicuous when it is 
needetl by other individuals of the same siiecies, and 

^ Tip' nl Mmrkingn i»i prtt ffirlh In a work bjr 

Iil4‘ Allm'4 iJokmmimn m Animak mful MmU$^ llillfl, 


212 


THE COLOUBS OF ANIMALS 


when the animal is already alarmed and in full retreat 
for a place of security. 

In this way Mr. Wallace explains the conspicuous 
markings often present on gregarious ruminants, 
which are nevertheless protectively coloured in other 
respects. The remarkable differences in the length 
and form of the horns of different species are explained 
in a similar manner. 

'Eecognition Markings in Birds 

Mr. Wallace also shows that such characters are 
especially numerous and suggestive among birds. 
^ Eecognition Marks during flight are very important 
for all birds which congregate in flocks or which 
migrate together ; and it is essential that, while being 
as conspicuous as possible, the marks shall not inter- 
fere with the general protective tints of the species 
when at rest. Hence they usually consist of well- 
contrasted markings on the wings and tail, which are 
concealed during repose, but become fully visible 
when the bird takes flight ’ {loc. cit, p. 222). 


Recognition of Birds’ eggs may be aided by variation 
in certain species 

It is very probable that the great variation in the 
colours and markings of birds’ eggs, which are laid 
close together in immense numbers, may possess this 
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significance, enabling each bird to Imow its own eggs, 
I owe this suggestive interpretation to my friend 
Mr. Francis Gotch : it is greatly to be hoped that 
experimental confirmation may be forthcoming. The 
suggestion could be easily tested by altering the 
positions of the eggs and modifying their appearance 
by painting. Mr. Gotch’s hypothesis was framed 
after seeing a large number of the eggs of the guillemot 
in their natural surroundings. It appears to be a 
more feasible explanation than that offered by Mr. 
Wallace. ^ The wonderful range. of colour and marking 
in the eggs of the guillemot may be imputed to the 
inaccessible rocks on which it breeds, giving it com- 
plete protection from enemies ’ (loc. cit. p. 214). 


Eecognition Markings in Insects 

Turning to insects, I do not believe with Mr. 
Wallace that colours and markings generally are to 
be explained in this way, although many instances 
of undoubted recognition characters will probably be 
found among them. In fact, a very interesting 
example only recently came before me. 

It has been already mentioned that Lepidopterous 
larvae are especially subject to the attacks of parasitic 
insects (Hymenoptera and Diptera), which lay their 
eggs in or upon them. It is of the highest importance 
for a parasite to know whether a larva is already 
^occupied/ and also to ensure that other parasites 
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shall recogniHC and avoid the larvu* in whitdi it hiw 
laid its figgs. When tho eggs are laid within tin* laaly 
of a caterpillar tho skin is pierced, and a small iimfmnt 
of blood exudoK and geiuTiilIy forms a Idaek clot. 
These black spots are pmbaliiy ree»»giii.Hed by other 
parasites, and the larva is conseipiently avoided. 
Although till! siKjts would disapjMiar uflvr n change* of 
skin, the parasites generally lay their eggs at alaiut 
tho same jajriod of larval gmwtli, and would 1«* 
warned over a considerable part of this p« riod. Al- 
though these are not, properly speaking, lU cognition 
Markings, we shall w;c that they form the foujidutitiu 
on which such charactors have arisen. 

Other parasites (among tho IJymenoplera), such as 
those of the genus PnniHfm, lay eggs ujani tin* body of 
their prey. The eggs are pear-shaped, and an* firmly 
fixed by the stalk, which is knoblHiil at the end. So 
tightly do the eggs ailhere that the caUTpillar can changw 
its skin without removing them (see pp. 275 77). 
Bevoral eggs are fixed ujain a large caterpillar, tw«» 
or three upon a small one, although the tunuhtT varies 
greatly in different individuals. 

These external cf8?8 are black and sinning, ami 
they are very conspicnous against the colour of the 
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the course of which we both independently arrived at 
the opinion that it is adapted to serve as a warning 
to other parasites that the larva is already ^ occupied/ 
The eggs, being black, somewhat resemble the scars 
caused by the introduction of internal eggs, so that 
the species which deposit such eggs may be warned 
off, as well as those of the genus Paniscus. 
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CIlArTKll Xil 
i'llDTF.CTJll: MIMWUY 

We now ajtjfroacli one of the most iiitiri Ktun' jiHjiiftn 
of our Hubjcct, and ono that ha« jdiiyi tl an inijMiiTant 
part in tha liiatory of inohitiou and of nattiral 
Bolectioii. 

History of the subject 

Tlic! fact tliat rcrtuin laittirflifK belonging to 
widely Hoparate groU[iH, but inbiibiliiig tJa; wuno 
localitieK, pokbokh the tnont reniiirlijibb* aupirncial 
reHeinblancc, baa Ihiij liimwii f»»r ii very long finie. 
An interesting quotation from iSoiatiuvnrg ■ H|apien 
General dijs Lepidopteres ’ (pp, U7b) in givi n by 
Mr. Maud Trillion at the head of his pajM r on 
Mimicry among African ImtterHioM.' IJoi«duv«rH Hen- 
tence, written in IHatl, refora to an African Bwallow- 
tailod Butterfly, which atilS renmina the moat remark- 
able instaiico of Mimicry known in the world : 
‘ C’eat une choae hum riunarqiiahh* que de voi la mitnro 
crier I cAle hm ima dea aiitrim 1’ tiuiiUm Kmrim, j« 


* Mm* Bm» Tmm, «?!. p, 4i7. 
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iliihia, itt li? Ptiiiilin WrHlrnnaimi, troiH 
IjfpiclfiptiTcH qtii HI* rf'KHfimlfk'iit pn^wjui) coinpletomtnit 
par li! port. In iloKHiii, ct lii eouUair, quoiqun appartc- 
nant a ilcH''i'iiri’Hforti*}oi}.;iH'*a<*t do trihua difTorentoH.’ 

k’niiii IHIPt, iiiid tho ov«*n carliin’ dates at which 
tluHi* ririiiirkuhlo ri'HomhlanccK had hcon noticod, 
nriti! 00 attcinjit at explanation had been made ; 
hut in that y«ar Mr. Ihitos’s idassical paper appeared.' 
In this admirable essay the author showed tlus advan- 
tage whieh must necessarily be gained liy a pahitablo 
form, hard pressed by eneinies, if it slioltored itself 
under the reputation of some (smapicuouB species 
well known to Ik; inedible. 

Oidy three years before, Darwin, writing to 
Asa (»ray, had said : * I loinnot possildy holieve tliat a 
fulse ilieory would explain so many classes of facts as 
1 think it eerlaitify doi*s explain. On these grounds 
I drop my anchor, and believe tliat the dinicullies will 
slowly di«i{»pear.' ^ One great dilHenlty wliich had 
m long laaai a pnzzh to nuturaiists was therefore 
sHiinfactorily exfibtined by the iicw theory, within a 
f> w yciirH of lianvin’s prediction. 

H is inoht delightful to read of the interest and 
eiifbuHijiHiii with whidi Hatiw’s paper was received by 
Darwin. ‘In niy opinion it is one of the most re- 
niarkiihh- and adinirahle piqiers I ever read in my 

* I mn tmmt w/ Urn AmuMtmM VitMei^, 

^ *t'* Tram*. ««iiL 

mh IL p, il7. 
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he writcH. ‘ I am rejoieeil that 1 over tlio 

whole Huhjeet in the “ OriKhi," for f nlirndcl liavcnisuh- 
a precioiiK mess of it. Von listvcs most t-U arly stali il 
and Kolvisd a nioHt \v<tiiderf!il |irolilfm. liour 
is too good to 1 ) 1 * largely njtpreciiitijd hy the jjioh of 
naturaiists without hohIs; hut rely on it tiial it wii! 
have luHiinti value, and I eorduiily coiiginttilate you 
on your first great work.’ ' This was 1 fiirwiii’s ojiinion 
of a, theory which is often light ly erit ieiw d «»r even eon- 
domned hy many biologists who offer nothing in its 
place. 

The relation of the theory of Himiory t« Evolation 

Mr. Bates’s paja r afforded a twofold snpjtort to the 
arguments in the ‘ Origin of Kpeedes,’ at a very criti- 
cal time in tins liistory of theKo opinions, In the 
first jdiM'c it showed that an inijsirtiint class of facts 
was unintelligihlo upon any theory escepl that «>f 
evolution. The pnwif of this is best given in Om- 
win’s own words, alw) quoted by Mr. Francis l iarwiij,* 
‘By what means, It may be asked, have so many 
ImtterfliciH of tlio Amar.onian region Hr(|uired fbeir 
deceptive dress ? Most naturalists will nnswer that 
tlusy were thns clothed from the hour of their erealion 
—an answer whieh will generally la- so far irtuinfdi- 
ant that it can Im nic-t only by loiig-ilritwn argu- 
ments; but it is ina<le at the iisikijiw,- of putting ati 


* Xrt/# and mt ih p|i» iil-fS* 

» ml li. pf. It! 41*1, 




nmwm 


2I!I 

r#*c*tiiril liit.r to ii!l ftiiilirr inquiry. In tliiri 
irion’fiV.r*l% till* rriiltifirilHt will 

; fnr iiiiiiiv iif llii.* iiiiiiiirkiiin (nrtm of 
turn hv hIiowii hy ii tu In* 

iiii*ri*ly #if rjin* ; nihrr iirii 

iiiiiloiiliiriily or rmm ili«ttii<'l wuumi* 

Ho iiMiiiro fif tint iiiiiiiicki^il fmtm t^nii Inmlumu In 
111* iiirrnly vnrir*tii:*i«, lint ilin umiilnr tinniliri* In* 
raiiknclfii iliitinrl n|Mtrinii. limn* tin* vrmiihumi ifill 
litliti to ii«liriit tliiii -wiii'ir* of fortiiH fiiiv** 
iiiiitiitory }*y iin-iiiiH of Ih** Inww «»f viirinlioii* ii'IiiIhI 
fitliii*» 111’ iiitiHi look til 11^1 Hi'jiiimUiy rmilrtl, umhr 
Ihf'ir i in* will fnrllior Iiiivo- lo iiflitill 

Itirit Hoiiif* liiirr tif’'1'ii rrrmloil in sinitiilioli of foniw 
tmi rr*^-iito«i m wi? now mm Ifioitn lull iliio 

In ili<* inw^ of viiriiitiori ! I’rofr-ioior Apooiiie, iiiflooil, 
'Wi'iiikt lliiiik tioltiiriM of Um iliHiioilly ; for tni 
lliiit licit oiiiy iiiifl oiirti viirio'ly, loil lliiil 

icrc«i|ii rif imUndmh^ lliotnili iil«?tiiiriil}y tJn^ 1^111110, 

miitfii ilblirii’i roniitri»’io Inivr lirrii nil 

lo'jiiiriifiiy ill ilor |ir^»n#oiooiiil iinmlirru i« llio 

iiiinlff «'if noil liiri-i. Krit iiiiyiy imlnriili^^lt-i will lio 
rolit^'-lil lloi.rt |o lliiit %oiri«‘tirj* liinl iiii||i''iili|jili« 

liflfr Imm liirrir-i' imi nil rrmh iiiiplo, nn 11 

nmnniminm-f iurtm oiil toy, iirror 4 iti|| to llir’ 
riirf i!oiiiiiii 4 «f lii*'’ iiiiirkf'to * 

Jltii Mr, lli«*ory wm r*|tiiilly iiti|iortiitil tn 
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anotljcr roHjKJct. It not only Htip|*ortt*<l tin* il'ictrinfitf 
evolution, but it alTonli-d Htroiig rnnlininifioii of tht* 
theory of nuturfil Hcloctlion, by whieh Diirwhi oxjiljiiiu ii 
how it was that (wolntion took plafi-. Kvi-ry Hlrjt 
tli(! gradually increa-sing chaiigo of tin* nhmi»-king iii 
tlui direction of Kjiecinlly proti-cted form, w«julr! Inive 
been an advantugi; in the hiruggle for esiHU nee, while 
the eletnentH out of which the rewniblance wnH built 
exiat in the* individual variability of tie ajHiden, a 
variid>ility which ia hereditary. 

The transition from Warning to Mimetic appearance* 

It will have been olmerved that Miniiery Iihh nlreiMly 
hetai mentioned in the pagtmon WartiingOdonrH, and 
that a gradual frannition may lie trat’i d from the one 
principle to the oilier. And yet .Mimicry itself whm 
explained king liefore many of the coiud»wion« con- 
eerning Warning Colonra which Imvi* heen di «crih»'d. 
In thia, aa in ho many other ciim h, the Hli pa hy which 
the Huhjeet is liest approacheii are alnioht j'Xiudly tipjai- 
site to the hiMtorical stqm by which it wan grndmilly 
understood. 

Tim trannitiori from warning to mimetic forma 
may be shortly reeapitulaied. 

1. The existence of Warning coknirs, attitudes, At, 
in sfHjeieB which ixjsseiw some (iualily unpk-inmnt to the 
enemies of their class : recognised hy Bnti'S in butt* r- 
flies which arc mimicked hy others {hc.rii. IhMi ; the 
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principle especially supported and extended by Wal- 
lace; also greatly supported by Trimen, Belt, and 
many others. 

2. The tendency for the species in each specially 
protected group of butterflies to resemble each other 
(by convergence or arrested divergence) more closely 
than those in other groups not similarly protected, 
thus suffering a smaller amount of destruction while 
their enemies are being educated to avoid them ; sug- 
gested by Meldola Ann. and Mag. Nat. Hist.’ Dec. 
1882) as an extension of the principle discovered by 
Fritz Muller and described in the next paragraph. 

8. The tendency for the members of distantly re- 
lated groups of specially protected butterflies to resemble 
each other, thus gaining the advantages described 
above : discovered by Fritz Muller 0 Proc. Ent. Soc. 
Lond.’ 1879, p. xx.). The fact of the resemblance was 
first observed by Bates (toe. cit.). 

4. An extension of the same principle to all the 
groups of such specially protected animals : in these 
the same colours and patterns occur again and again, 
and advantage is gained by the fact 'that the types of 
appearance are those which produce most effect upon 
the sight of an enemy, as well as by the fact that only 
a few different types have to be learnt. Certain types 
of colour and pattern are eminently advantageous for 
animals in which the special protection is imperfect, 
because they are so thoroughly advertised by other 
animals in which the protection is complete and 
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inspires great dread (Poulton, ‘ Proc. ZooL Soc.’ 
March 1887). 

5. The latter cases naturally lead to those of 
true Mimicry, in which a group of animals in the 
same habitat, characterised by a certain type of colour 
and pattern, are in part specially protected to an 
eminent degree (the mimicked), and in part entirely 
without the special protection (the mimickers), so that 
the latter live entirely upon the reputation of the 
former. Discovered by Bates in Tropical America, 
{loc, cit. 1862), then by Wallace in Tropical Asia and 
Malaya {loc. cit. 1866), and by Trimen in South Africa 
(Zoo. cit 1870). 


Cases to wMch the term Mimicry is best applied 

The term Protective Mimicry is best applied to the 
deceptive appearance of the unprotected forms in the 
last class only. Instances of such true Mimicry, in 
which the resemblance deceptively suggests the pre- 
sence of some positively unpleasant quality, are so 
common and striking that we need some name for 
them; and it is in every way best to retain the 
historic term. An additional advantage is that the 
word Mimicry implies the deception and unreality 
which is so obvious in the last class of cases de- 
scribed above. For this reason it is best to include 
all the other classes and the protected forms in the 
fifth class, under Warning Colours ; for their object 
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is to warn an enemy, as effectually as possible, of 
real danger or unpleasantness ; while the object of 
the unprotected forms in the fifth class is to suggest 
the presence of some unpleasant attribute which has 
no existence in fact. 

The transition from Warning to Mimetic colours 
which occurs in the fourth class is no objection to 
this arrangement ; for we cannot escape transition in 
any classification of the uses of colour in animals. 
Some authorities have failed to make any distinction 
between Mimicry and the other forms of Protective and 
Aggressive Eesemblance ; but such an arrangement 
would confound together cases in which appearance is 
used for concealment, and those in which it is made 
use of in order to attract attention.^ 

' S. B. J. Skertchly has recently (Arm. and Mag. Nat. RisLj Series 
vi. vol. iii. pp. 477 ct seq.) urged {a) that ‘protective resemblance 
copies stationary objects, mimicry simulates moving ones.’ He accord- 
ingly maintains that the former is a defence against enemies which 
attack butterflies at rest, the latter against those which attack them 
on the wing. He further argues that the attacks of birds constitute 
the only real danger to an insect on the wing ; (6) that certain ob- 
servers (Skertchly, Pryor, Scudder) agree in considering these attacks 
to be of very little importance; and (c) that therefore Mimicry, to- 
gether with the shyness of moving objects exhibited by all butterflies 
on the wing, ‘ are habits acquired long since, which have survived the 
necessity that gave them bii'th.’ He maintains that this argument 
is supported by (d) the ‘ law that the amount of apprehended danger 
is measurable by the efforts taken to avoid it,’ inasmuch as ex- 
amples of Mimicry are far rarer than examples of Protective Resem- 
blance. 

To this we may reply: (o^) the alleged contrast between Pro- 
tective Resemblance and Mimicry is only a usual consequence of the 
real difference between them (see pp. 222-23, also p. 71). Further- 
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ConvemaEce of the term Mimiory 

Mr* Batf.H'H imtx han Innai eritiriHiHl Imvimm^ it i« 
generally uh(*c 1 to deBerila! valitiititry wliereiti 

th.e Mioiiery alluded to in tliene in of eoiirBe nil- 

eonHeiouB, and lian been gradriiilly |»rodiifed by tim 
opc, ‘ration of natural Heleetioiid Tliin iiwi of tlie word 

mfm\ till! allisgol roritni’il brmlr.s ; IIjii-h ii ilpml li.viil 

ilrivnn hy thii what ji. «if i\iwk l»y ii 

am licit iim^riitiftiaiily *, %iuy ilw! nrer'iiniiirc* i.if 

Minii’thi ari‘l WarnitiM ColtiiirH iirr cTi^Tliihsly *4 viiliW’ 4iiriiiM rr?*:! 
mi wp\l ail cluririg i\kM m. I'HteOfii. riffi^r^l 

hy Hkcrti’hly (h) may Iw' |nit lh*i tff lilln'r until 

(fiwi ri». *J 2 H.-i} 0 ; many oth^r f‘'*am|»h'ri liavi* la’i-n \Vm 

mtiHi alnfi ri^im^mla’r that %’i?ry liithf f 4 »! lilii wiiicli 

w« kiimv t4i.ka.fl |»liyai iii liiAiially wlliir5i?ir»l ky m* AtaiiiiA fri itiif 
h« argi'cl tliii fac?t that nlmfiwarr^i to ilifwlJy llipy hi^ 

llama whiln e«*riidii mimHici mp |i*frlia|Hi npim 

wwidurfiilly itlabnratf’ ami ppthmi timn aiiylliiia? iii llm iiiiiiiiiil 
kirintlmtu Kvpry iiaiaraliHt will aM'O'** frlf, btil it m P'lilly 
Klruciiivii ttf tim arnniwiil si|w'«i it, 11a» 4 rtii|:e#*r ht iiirtfA ■ 

mlmcilto »ta*ale8 iiiUHt imlw’ii lai gnmt if l\f llit» 

to mfolil it Hiima rif llm tnarvulkimi rir«yll«i of imcli * 
aciritel in lliia viiliinn^ Hkiirklily’s argiiiiMfiil wily ht tim 

Humrrmd mik \mimmm ilai exaiiijihm Mimiery aiwi 
lieHamkliinfiii ; ami thin ratio k rwlily «it * 4 li«i nrwoiKlH, || 

liiw \mm ahown that Warnitig Onlonra nan only In-Mwloiitni ^ttfi 4 y l#jr m 
wiiiili I'iroiMirtiori of ilia iiiHOcit fitnim In any eoijiilry f,No*? |i|i. 
and ako that iiiimotio iridiviflnai« mwA far rari^r 1I1.1111 lliif 
fornii tlioy rf?«imiliht (mm j>|i. ; mi al«o p. 

* After thill wmkiww had heon pririted t raiiit' a 

wilrwirdiiiftry atatimiont of tlii! theory of Miniiirfy hy Hkntnlily, l,r 
Thin liieory * |»rei 4 ii|i|»o{ 4 »»ii (oi that danifer h siiih'* e^il ; P4 lliat 
Imilerflit’s eHcajio danger hy nmtPim^ a nrnvmmv- fluid ; fr| ihul iiih»-y 
hnWeriik‘^i mdkrd thin inmmtiUtf ; (d) thal ?ir Th# 

exprif^j^id hi tlio worda I hato ilalioho'd will hardly Im hy 1 


PEOTECTIVE MIMICEY 


225 


is, however, well known, and is not likely to mislead 
anyone ; and in addition to its historical accuracy the 
word is more convenient than any other, as Mr. 
Wallace has pointed out. Thus we obtain the con- 
venient series of words — mwiic, mimicry, mimetic, 
mimicker, mimicked, mimicking. 

Various degrees of afSnity between mimicking and 
mimicked species 

The various examples of Mimicry may be divided 
according to the affinity of the forms which resemble 
each other. Thus a species may mimic another closely 
allied species, or one of a widely separated family, of a 
distinct order, class, or even sub-kingdom. Mr. Bates 
first explained the Mimicry of butterflies and moths, 
so that in this case the divergence between the species, 
although generally very groat, is not nearly so large 
as that of other examples. The former, however, in- 
cludes some of the most striking examples known, 
and will be first described. 

Tke Butterflies which afford models for Mimicry 

In giving some account of Mimicry among butter- 
flies, it is first necessary to speak of the models which 
are most generally copied in all the warmer parts of 

single naturalist. I imagine that even the American Neo-LamarcMans 
do not follow their founder so far as to believe that the volition of an 
animal could account for all the details of mimetic resemblance. 
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the world. These models almost invariably belong to 
the two great families Danaidce (including Euploea, 
Danais, sudHestia) Bund AcmidcB, while the Heliconidce 
of Tropical America are also mimicked. It has been 
already pointed out that the Danaidce, which inhabit 
the region of which the IleliconidcB are characteristic, 
have adopted the appearance of the latter, and may 
therefore be called Heliconoid Danaidce} 


Proof that the mimicked Butterflies are specially pro- 
tected by a nauseous taste or smell 

It is of the greatest importance to prove that these 
butterflies are specially protected in some unusual and 
exceptionally complete manner, so that resemblance 
to them would be advantageous. All observers speak 
of their slow flight, gaudy colours, and abundance. 
Thus Mr. Trimen’s descriptions of the Danaidce and 
AcrcBidce are equally true of the Heliconidmy and of all 
other butterflies or moths which are the objects of 
Mimicry. ‘ The slow flight, the conspicuous colours, 
the complete disregard of concealment, no less than 
the great abundance of individuals, are characteristics 
indicating unmistakably that these butterflies are 
favoured races, enjoying advantages and immunities 
above their fellows,’ ^ The colours of the under sides 

' Bates called them ‘ Danaoid Eeliconidce,’ but Trimen pointed 
out that tbe transposed ^vords more truly express the relationship 
{loc. dt. p. 499). 
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of the wings are the same as those of the upper sides, 
or at any rate are equally conspicuous. A peculiar and 
frequently unpleasant smell has been noticed by all 
observers who have studied these groups. It is pro- 
bable that the same means of defence is present in the 
other stages, and this has been proved in certain 
cases (e.g. Acrcea horta^ Trimen). The unpleasant 
smell frequently resides in a clear yellow fluid which 
exudes on the slightest pressure. 

Mr. Trimen ^ has also called attention to the fact 
that the conspicuous butterflies and moths which 
possess such qualities have a remarkably elastic struc- 
ture, and can endure very severe pressure without 
injury. The wings are so flexible that they can be 
bent and distorted without breaking the nervures. 
The insects can in this way often recover from the 
mistaken attacks of insect-eating animals. Skertchly 
also maintains, from his experience in Borneo, that 
nauseous properties are accompanied by strong 
vitality. 

There is, unfortunately, too little direct experi- 
mental proof of the unpalatability of the specially 
protected groups which are the chief models of Mimi- 
cry. When, however, all the observations are brought 
together they constitute a fair amount of evidence, 
and there can be no doubt about the results of future 
experiments. 

Mr. Bates mentions the glands near the anus 
* Loc, cit- pp. 498, 499. 
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from the monkey’s actions, that they were distasteful 
to him.’ ^ 

Mr. Belt, however, observed that a yellow and 
black wasp caught these butterflies to store up in its 
nest, and that the Heliconidce were very wary when 
the wasp was near, although quite fearless in the 
presence of other enemies. They were also attacked 
by a flower-haunting spider. These exceptions are 
very interesting, because the unpleasant qualities of 
such specially defended groups generally appeal with 
success to the taste of animals from the most widely- 
separated places in the animal kingdom. When certain 
enemies are thus careless of the qualities which inspire 
such general respect, it is probable that we witness a 
result brought about in the first instance by the 
excessive competition for food. In times of scarcity, 
any individuals of a species which were able to 
disregard the unpleasant taste, would be likely to 
predominate over those with more delicate gustatory 
susceptibilities. 

From Africa, Mr. Trimen quotes an observation of 
Mr. Bowker upon a small Kaffrarian lizard which 
pursues a peculiarly wary butterfly with the greatest 
energy and persistence, while it neglects the inert and 
abundant Acraidm. Mr. Trimen has made similar 
observations with regard to dragon-flies and Mantidm, 
both of which feed largely on butterflies, but were 
never seen to touch an Acrcea or Danais.^ 


Loc. cit pp. 316, 817. 


2 Loc, cit, p. 500. 
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In India, on the other hand, M. de Niceville found 
that Acrcea violas was the only butterfly refused by all 
the species of Mantis with which he experimented. Mr. 
Wallace quotes an observation by the Hon. Justice 
Newton, upon the bulbul, which chases and greedily 
devours a swift but palatable butterfly, but could only 
be induced to touch a Danuis by repeated persecution.^ 
Some very interesting observations prove that the 
unpleasant qualities are retained in the dried specimens 
long after death. ^Mr. Bates observed that, when 
set out to dry, specimens of Heliconiclm were less 
subject to the attacks of vermin ; ’ ^ while Professor 
Meldola even found that ^ in an old collection which 
had been destroyed by mites, the least mutilated 
specimens were species of Danais and Ewploea' ^ This 
observation has been confirmed by Mr. J. Jenner 
Weir. 


Conclusion warranted by the evidence 

I have brought together all the available evidence 
on this subject, because there has been of late years 
a rather wide-spread tendency to reject the explana- 
tion offered by Mr. Bates. The evidence, however, 
certainly warrants the conviction that experiment 
would prove all {^protectively) mimicked species to le in 
some way disagreeable or even dangerous to the enemies 
of their class ; and if this be so, the probability that 

’ Dartoinism, p. 235. ^ DwrwimBm^ p. 234. 

» Proc, Ent Soc. Lond. 1877, p..xii. 
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111 ! mimt'tie r(*M;mblancft8 aro due to natural selection 
contraHts in the stronKf'st nunuuir with the (intiro 
sihHeiiee of any ulteruntive theory on tlio part of Mr. 
(a iticH. 

Coaditionn under which Frotectire Mimicry occurs 

The conditions undiT which Mimicry occurs also 
strongly cemfirm the view tlmt tluiso rcscmhlances 
Imvc !H*en produced hy tin; opciration of natural selec- 
tion. These conditions hav(! heeti found to ho very 
nearly eotiHtunl l»y every naturalist who Inis published 
any ohwrvHtiouH on the sul»j(!c*t. They have recently 
Isien vt ry coiicisely stated hy Mr. Wallace as fol- 
lows.* 

‘ 1 . That the imitative specnes occur in the same 
area and ts'ciipy tint snine station as tho imitated. 

* 2. That the imitators are always tho more de- 
fenceless. 

• !l. That the imitators are always less numerous 
in individnals. 

‘ I, That tins imitators dilTer from the hulk of 
their allies, 

‘ 5. That the iniitathtn, howevfjr minute, is external 
and t iw'Wr only, never extending to internal characters 
or to siieli ns do tnd utTeet tho external appearance.’ 


imrwmimfh 
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Mimicry in the Butterflies of Tropical America 

The Heliconidce, and Danaidcd'whiGhTe^emhle them, 
in Tropical America, are chiefly mimicked by Pieridce 
— the family of ^ Whites ’ to which our common 
Cabbage Butterflies or Garden Whites belong. 
Mr. Bates figures one non-mimetic species of the 
family, and the resemblance to our familiar butter- 
flies, together with the immense difference between 
it and the mimetic PieridcB in the same country, are 
very striking. He also figures many beautiful 
examples of Mimicry, and the two plates should be 
studied by anyone who can obtain access to Vol. xxiii. 
of the ^ Transactions of the Liniiean Society ’ (pp. 
495-566). One of the most striking instances is 
reproduced in Mr. Wallace’s recent work.^ 

Mr. Bates found that two different Heliconidce 
in two adjacent areas were in certain cases mimicked 
by two varieties of the same species of Pierid, a fact 
which points to the comparatively recent origin of the 
resemblance ; for otherwise the two varieties would 
have had time to become distinct species. A similar 
fact was observed by Mr. Wallace in the Malay 
Archipelago. 

The specially protected forms were not only 
mimicked by Pieridce but by Swallow-tails (Papilio) 
and other butterflies, and in many cases by day-flying 
moths also. 


* Loc. cit. p. 241. 
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I Iiiiv*’ recently heard tlio objection raiHcd to the 
theory of Xfiinicry, that iion-niimetic PierUy-, with 
the tyjiica! ajjiamrance of tlioir grouj), are among the 
eonniioiH Kt hnttertlieH in Houlh America. It Ih there- 
fore argueil that the PicrUhe are (iiiito abli! to take 
care of theinKelvcH, aiul, if any of them resemble 
otlier foriiiK, it caiUKtt bo in order to shelter them- 
selves under the rejmtation of the latter. There 
does not seem to he niiudi force in this objection ; the 
forces whifdi tend to the extermination of a Hpecies 
nrt^ So nicely balanced uguiiiKt tlas forces by which 
its existence is inainliiiiutd, that a very inimitt! and 
often quite inn{»itri ciahle difTerence may haul to pro- 
ilominance or to scarcity, jH-rliaps ending in extor- 
ininatiftn, ikciiiise! the typical Pieruh- in Houth 
Ann rica appear to he predominant, it hy no means 
follows that all tin; species of this group have always 
k'l n HO. Ftirth(n'm«»re, the fact that all mimicking 
Pit ruhr are sea res*, tnid tliat tiny invariably rosemblo 
the hiitterflies of specially proh'Cl(>d groups which are 
also toiiiiii ked by otln r hnttertlieH ami by moths, is 
a praciiciil and coiiiph te answer to the olyectioii. 


Mimicry ia Asiatic Batterflies 

In the .\lalayan islands ami in fndia Mr. Wallace* 
fonnd that the Ihumkln; are tlie chief models for 
Mi»ii« ry, although certain Morphiihe and one section 

* iJmm, Bm. Tmm, tiiL x*v. |ip. 
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of Bwallrn?4ailocl Biittorflic^M H^npilml iiIhh n-- 
Si*mbIc!(L Hi* iiivc'H a lint of i.iglilti-ii rxiiiiijtif'H nf 
miniotie from aiiioiin iii«* Bi*iiilow«taii^ 

alone. Amoii|4 tlioHe %vm ini inUm*Mnii in mliirli 
the iniiieH of a i^Ialiiyiiii piimihait} 

miiniekiul the inalen oni' (K. 

while the* iihmiekfil llie of iiiiiitln^r 

Eiipltm (E, lihiuhiiimuthH^). A .Hr'rti’Oii of 

Bwa!!ow4ailH are itko the oliji-etH of ^limierv iii 
Booth Ameriea. 

The Afriean PapiMe merepe m aa titmplt §f Miaiieij 

Bj fiir moHi reiiiiirlaihlo esiiiiijile nf 
in lliiit nilmletl to in llie jiiiHHfige ijinile''*:! fmtii Ihii.!!* 
duval, ami wlneli Imo heeii wwkeil riiil, l»*ii^4Jier willi 
many other eiiHeH of Jfimiery, hy Afi% llolunti Triitieii 
in Hotilh Afriea. Thw woiulf.-rfwl iurn inil, 

a|iliefir lo he Hiiftieitiitly we-ll ktiowii, iilllioiinli it in 
cm4kntly ilem*rik4 iiiiil illiifitriile*l in Afi% Tririim*^ 
papier/ from whkii tliia areniiiit iiiic! the fnciirrH iijioii 
the niloiired pliih? are tiikeio Eiieli ^if Itie figiirrn 
Imu heeii rediieed to half the lifttiiriil ii^e, 

'^Fig. 1 eloaifly re«Cfmliltm lliti miile, ii'liile *i re- 
presents till? female, of a heiiiitiftil jiiilr yellow iiinl 
Mtick Swilllow-tiilled litittrrfly mliirli 

is fontici ill Miwliigiiiiear* Tin* only 4ilfrr«'iirr 

in eiilonr lietween the m%m is tlir tnrger iiiiiitimi of 

* Idnm 8m* Tmm* fol. iitL n#, I**t7 r/it. 

* Siii %im mtmiM. rtal# ^ %tm hmirnkm, *4 ilif? 
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"black in the female. In Africa a Swallow-tailed 
^■utterfly (Papilio mcrope) occurs, of which the male 
is represented in fig. 1; the female, on the other 
liand, is without the ‘ tails’’ on the hind wings, and 
Pr esents a totally different appearance from the male ; 
it occurs in three different yarieties, each of which 
^Kiaimics a different species of Danais prevalent in its 
<3-istrict. 

Fig. 3a represents Danais echeria, a specially pro- 
tected butterfly, common in South Africa, and rendered 
conspicuous by light brown and white patches and spots 
txpon a black ground. The appearance of the female 

mcrope (the P. cenea form) in the same locality is 
sluown in fig. 3. It is very interesting to find that 
-Z>. echeria is also mimicked by two other species of 
Swallow-tail and by another butterfly (Diadema mima). 
In Natal the ordinary form of the Danais is replaced 
by a variety in which the spots on the fore wings are 
wliite instead of ochreous. In Natal the female P. 
'i7zcrope undergoes a corresponding change, and inter- 
mediate varieties of both mimic and mimicked are also 
found. 

The appearance of another unpalatable butterfly, 
JOanais niavius, is shown in fig. 4 a. This conspicuous 
'black and white butterfly is abundant in tropical 
"Western Africa, and it is very faithfully imitated by 
two other butterflies in the same locahty, a Diadema 
and a form of the female of Papilio mcrope (the P. 
Jviptpocoon form), shovm in fig. 4. This is the ex- 
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ample of Mimicry alluded to by Boisduval, although 
he uses different names for the butterflies. The 
Natal form of Danais niavius is rather different, 
having broader white markings, especially on the- 
hind wings, and both its mimics have undergone a 
corresponding change in the same locality. The 
Natal varieties are represented in figs. 4a and 4. It 
is very interesting to learn that the two varieties 
of P. merope which mimic the two species of Danais, 
although so widely different in appearance, are still 
connected by intermediate forms. 

A third species of Danais, the conspicuous black, 
reddish-brown, and white D. chrysippus, is extremely 
abundant and has a very wide range, occurring 
throughout Africa, in Southern Europe, Southern 
Asia, the Malay Archipelago, &c. This butterfly, 
represented in fig. 5a, is almost everywhere attended 
by its mimic, Diadema holina, which occurs in two 
forms exactly resembling the two forms of the Danais. 
A third variety of the female P. merope (the P. tropho- 
nius form), shown in fig. 5, occurs in Cape Colony, 
and mimics Danais chrysippus. 

The female of P. merope also occurs as a fourth 
variety, unlike the others, but connected with the 
second of them by an intermediate form. Mr. Trimen 
considers that this variety ' is probably modified, or 
in course of modification, in mimicry of some other 
protected butterfly, possibly not a Danais' 

To recapitulate this marvellous instance of the 
relations which may obtain between the organisms 
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inhabiting the same land : — Three well-known species 
of Danais occur in Africa, each of which is mimicked 
by a special variety of the female of Papilio merope ; 
two of the Danaidce present two varieties in the range 
over which they are accompanied by the P. merope^ 
and some females of the latter undergo corresponding 
changes; intermediate varieties occur and also connect 
one of these forms with a fourth variety of the female* 
Furthermore, in Madagascar, which in so many other 
instances furnishes us with a glimpse of what the 
ancestral African fauna must have been, a Papilio 
is still living with a male like that of P. merope, and 
having a female only differing in the rather greater 
predominance of dark markings, a predominance 
which is thus entirely in the direction of the far darker 
African females. 

It requires a very slight exercise of the imagina- 
tion to picture the steps by which these marvellous 
changes have been produced ; for here the new forms 
have arisen at so recent a date that many of the inter- 
mediate stages can still be seen, while the parent form 
has been preserved unchanged in a friendly land, where 
the keener struggle of continental areas is unknown.^ 


* Since the appearance of Mr. Trimen’s important paper, the 
interest and intricacy of the case have much increased. Mr. Mansel 
Weale (Tram. Ent Soc. Lmd. 1874, pp. 131 et se^.) found a number 
of the larva feeding together in one locality, near King William’s Town. 
From these he bred seven males, four females of the Cenca form, one 
of the Tro^honim, and one of the Bippocom form, thus confirming 
Mr. Trimen’s original suggestion, that all these belong to the same 
species. The butterflies have furthermore been taken in coitu more 
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Protective Mimicry more often found in female 
Butterflies than in males 

This example enforces a conclusion arrived at by 
the study of mimetic butterflies in all parts of the 

than once. Mr. Mansel Weale also points out that the sexes axe 
remarkably different in their manner of flight. 

It is now admitted that the West African forms must be separated 
from the Southern as a distinct species. The western species is now 
called P. mcropc, while the name P. canea is extended to cover all 
the varieties of the southern species. The males of the two species 
are very similar, but P. cenea has somewhat shorter wings, shorter 
tails, &c. The female P. cenea presents all three varieties described 
above. The western females lack the Cenea form which mimics 
D. echeria ; and the Hijpj^ocoon form differs in its larger size and 
smaller extent of the white markings, especially on the hind wing, in 
these respects agreeing with the western form of D, niavius, which 
it mimics. It is interesting to note that the western Trophonms 
form, mimicking the small JO. chrysij)pus, is little if at all larger than 
the corresponding form of the southern species. A third variety of 
the western female, the P. dionysos form, is of extreme interest, in 
that it combines the features of Mi^jpocomi and Trophonim, and also 
indicates a transition towards the female P. mcrioncs of Madagascar. 
Mr. Trimen also describes many varieties transitional between the 
three forms of the southern female. For further details and a 
thorough discussion of the whole question, consult Mr. Koland 
Trimen’s South African Butterflies^ vol. iii. 1889, pp. 243-55 ; also 
the same author in Tram. Ent. Boc. Lcmd. 1874, pp. 137 et seg. 

Two new species have also been added to the P. merope group. In 
the island of Grand Comoro, adjacent to Madagascar, another species, 
P. Sumhloti, has been discovered. P. Bumbloti somewhat resembles 
P. meriones, but the sexes are even more alike. The other species, 
P. antinorii, has been found in Abyssinia, and is of extreme interest, 
in that the sexes are nearly alike, as in the island forms. It is much 
to be hoped that further research will bring to light the causes which 
have favoured the persistence of the ancient unmodified form in this 
one locality on the mainland of Africa. 

I wish to express my sincere thanks to Mr. Boland Trimen for 
kindly looking through the proofs and suggesting references. 
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wrsrl<l— •tiiiit the ftaiialfls arc! far more liable to 
a.'-.iiiitK! tliJH ui«-tlif)«l of defence! than the males. Tlius 
.\fr. Wulliic* found that the eastom Morphuhe and 
tie : jti ••ia! -.'roujiof Hwallow-tails were only mimicked 
by tin fiui.ih s of olhifr Bwallow-tails ; and similar 
ho t ■ hav*' hi tui observed In America. 

Mr. ^Vallan , in hia paper on the Malayan Bwallow- 
saib, * tin- I'omnioner mimetic resemblances of 

f« mail H, h< ('(luse ‘ their slower llight, when laden with 
Jtinl their I'XjiDHtire to attack while in the act 
of depositing their ej?gs upon the leaves, render it 
t -po iiilly nih.mtuoeous for them to have some addi- 

lifiiitl proleftitut.’ 

Mi . Hi lt n<lo]itH the same explanation, and also 
»i. tio * lb*- very iii;s 4 etuonH suggestion that, when the 
3ii;d< < not hei-n similarly modified, it is hocauso 
of tn* preb r< iweof the more conservative sex for con- 
-ojjt, whieh r» Inin tlie nncestriil colour of the group 
iu 4'.lit<'h they hi long. He points out that tho males 
of jM/tiiyof the jiiinn'tic * Whites’ (Picruli/;) ‘have the 
Hp|.> y hai! of the lower wing of u pure white, whilst 
.dl Jh, r<'} of tile wings is harretl and spotted with 
bl:wi;, i.4, :uid yellow, like the species tluiy mimic. 
1lj. b n,;tbs jnive not this white patch, and the males 
(i.onlly «onee;tl it hy eovi-ring it with the tipper wing, 

» I iltiu ! eiumoi iiiiiigine its la-ing of any otlier use 
to til* III evci ptiiig as an attraetion in conrtHhip, to 
e ;hjbil to the frmiilin, uiid thiis gratify a deep-seated 
pr* b resa'c b,r the nonuai colour of the order to which ’ 
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these mimctu: forms belong.' Ingonious as iliis stig- 
gestbn is, it needs conlinnalion by ii earefnl oimi rvu- 
tion of tlu! ImbilH diHj>l!iyeil during the courtship of 
these KpeficH. 


Protective Mimicry in Moths 

Certain coiispicuouH umths are nlf«t inimicki d l»y 
(»ther luoths oidy distantly relat< tl t«» tln ui. A gwjd 
<!.xamplo was discovered at Am hoyiiii by the iiatiiraHsts 
of Ihf! ‘ Chalksnger ' expedition ; the figures an* r» pro- 
duced by Mr. Walhua*.^ 

Protective Mimicry in British Moths 

The ojdy examples of tnimieked speeies hianvn 
in the Itritish Lepidopti ra ocenr among tlie moUw, 
Mr. Wallace first culled attention to the r»s»ni- 
hlance <»f the fejiiab' of the MnsJin ^foth (//nip/«om 
mfmlim) to ffm far more abundniil Wliifi' F.rmini' 
Moth {Hpilmimm nii;tdhmiri), iHitli siH'i’icH 1« ing whib* 
with black S])otH, and maairring at tlie siiriie time uf 
the year. The iniinickcti s}Hicbs hits Is eii prrtvetl b» 
be unpalatable, wbiJe the fact that the male of tim 
mimicker is dark colcmred and weli-conci uk fl is exi- 
dcncc that the latter is palatable. The c.im'bihiou 
Bboiikl, however, !«• eonfinued ixperimentally, for, 
until the test has been itjiplied, we cannot )«• mm that 
the case is oius of true Mimicry iHlher than on* of 


* Lm, ClL 


^ ik$m4nkm^ p, t%l, 
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resemblance between unpalatable forms, described 
under Warning Colours (see pp. 191-96). The close 
affinity between the two species, and their similarity 
to other closely related species, probably indicate that 
the resemblance is due to arrested divergence rather 
than convergence ; if so, the case before us is not a 
good and typical example of Mimicry. 

A similar objection holds against an example in 
which I have experimentally proved that the benefits 
of true Protective Mimicry are certainly conferred. I 
refer to the unpalatable and abundant white Satin 
Moth {Stilpnotia salids), which is resembled by its 
near relative, the common white Gold Tail Moth 
{Porthesia auriflua). The abundance of the latter, 
and the affinity between the two species, make this 
instance a very bad one, but the experiments were most 
instructive, and indicate the benefits derived from 
Mimicry in a most suggestive manner. 


Experimental evidence of the protection afforded by 
mimetic resemblance 

I offered a Satin Moth to a marmoset which was 
excessively fond of insects, and which had not gratified 
this appetite for some days. He seized the moth, and 
ate it with the strongest expressions of disgust, well 
known to all who are acquainted with him ; in fact, 
had not the attempt been made to take the moth 
away, I believe that he would have rejected it. As 

R 
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soon an he had fuii8li(:*d this tmmmm nmmA^ I I'lflerrc! 
liimaGold TaiH^Iolh, htit hi» wliriiiiic iJie Hirfhi fif 
it, and ha<l c^vidcnitly hiul ijiiite eiimigh nf whiles 
for the iiiia* And yvi he cii||er!j «cirf^4;*d iiijil 

(li'VouriHl many «4her inrfiiiHjritaioiig iiiHertn wliit'li I 



Fill, iIkp «i4 T#ii * « nii i'vf tmi i 

uuinmt AatiiwiMls m *- *4 mlar- 

ll«44 Tsiil ifiififfrftily Hitmllpf, 


offered to him. It wii« merely the re>eiiildate'^ n* lie 
rririth wlihdi hml Hodie|.nif4i-d him llmt ih* 

Tiiil, for on nmilhii* rieeiiHion ii«^ id* f*Hr ^4 i!e 
llirithH (JOe lifter llie o!.}|i-r ivith iJn- fond* dhfli. 
The iiiiiriiiOHet hiiN. a fur tipife lirlirali tiiao um 
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other insect-eating animal with which I am acquainted, 
and it appears therefore to be certain that the Gold 
Tail Moth is palatable. I have also confirmatory 
evidence as to both these species, from the behaviour 
of other animals. The great abundance of the Gold 
Tail, in spite of its agreeable taste, must be in part 
explained by the fact that the caterpillar is specially 
protected in different ways (see pp. 171-72), but it must 
also follow from the fact that white and conspicuous 
moths are generally unpalatable. The strong super- 
ficial resemblance between the two moths is shown in 
fig. 50. 


Mimicry may be a source of danger to the mimicked 
species 

While the experiment with the marmoset illustrates 
the benefits conferred on the mimicker by the well- 
deserved reputation of the form it imitates, an experi- 
ment made by Professor Weismann proves that the 
safety of both may be endangered when the mimicker 
becomes relatively abundant. Professor Weismann 
found that the black and yellow caterpillars of the 
Cinnabar Moth (Euchelia jacohcece) were refused by 
the Green Liisard {Lacerta viridis) ; he then introduced 
some young caterpillars of the Pox Moth (Lasiocam^pa 
ruU), which are very similar in appearance. The 
li 2 ;ards first cautiously examined these larv£e, and then 
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at6 thorn. Aftor thin tiii*y wrro in tiihti* tlir* 
Cinnabar catori)i!Ia.rH, inr»rtli‘r l«» Ii'hI wlK-'f h*:i‘ lln-y wr'ro 
really m tinpalnlable as iin^v a.p|itiir«"4 In hrJ 


Further e:s:amples freia the Britiili McilJii 

Prcihwa’ him iilfn# lliiit tlirn^ 

llblllKlaiil iJgflitniii 

Cahera pumirUi^ iiiid i \ t sHnlhnnimriu) iiiiiy bf^ iiiiji?i!iil- 
able, for tlioyare^ all wbitn iiial vii’v wlitii 

flying at (liiHk. If iliiH be the niw* it. k %vry 
tliat the reH<atil4arieo of hvn imirli Heurr-er in 

Bcmw. of tlu'Ki* tuny lie an e?ciiriiji!n nf trin^ Miiiiirry i\h. 
Arirlallu HHhmiirmlu liial tlio firHl liirlilit.iliiil ; f ^riiriii 
immita and ihv mvmul, nr bnlb Heriiinl itrnl iliinlo 
It in iinieli in l«* linpei! tbiitthe e?c|ii^riiiiiiiffil eiidilirt^ 
\vill Hmm bn fnrtlaanrsing. 

I liii¥n given rniiny iiiiilfyiei'ii cif Mimirry in 
cloptera hmmm^, the snlijnet Iiiia bwiri iticirif fully in* 
voitigiitcfd within thti liiiiitu nf tlm mit% «ii«l 
of the kmtity lind intereatfif tliii oiiiiii|ili« 

Blit the aatno prinoifdea mm of very mifie iijfjiliriifinii, 
il« I hIiiiH hn alili* to hIkiw in l!ir iieil rliJi|4rr. *li 

Imiitfsd apaoe %vill j»rev«^nt tim frniii riiiir; luan;. * 
aiTi|ilo«. 

^ Fr»r urisl < 4 % •- < f 

fiimlirfi in the Thtm^ r,f |>|i |o | ‘ ,, 

liiliwi hy Fr«»l«'?;fior 


CHAPTER Xni 

tllOTHCTlVK AND AdaUIi.HHIVE MIMICBY 


Wb havt! Wiim tliut a la^jutloiiUiroiw inH(!ct occasion- 
nlly luiinii’H aiKftluT <-loHi ly rt^lalatl In it, although tho 
in ithiuml iiiviiriahly hotwiuin dintantly 
i’oimcfU;«l KjifdcH ; wiiilo in many coHiiH tho rolation- 
shijs JH very fur n-movoil, hh wh«*n a moth irnitatoH tho 
niijii iiraiic'o of a Iniltcrfiy. (JorroHiionding casoH occur 
in otiu r ordorH of inwiotH, hut wo imiHt now pass on to 
t;ttri«iiU*r «onm of tin: munorous iuHtancos in which the 
miniolio «j»«;<;ioH is sopariitod from the form whicli it 
di'i't j»tiv»‘ly roHomldi'H hy tin: wide interval which ro- 
intnos ono orde r of iiiHccls from another. 


Hymenoptcra mimicked by other orders of Insects 

Tin Hyiininejiti ra, imiuding the formidahlc lior- 
in lMi, wii^^ps, !«»<«, iiinl ants, aro more frocpiently 
iiiimirktd thiin any otlnr •irdor. In WiVeral of tho 
ihiiidi mofliH the wings have lost their scales and 
have h»» ome Iranspttrent, while the other parts have 
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also been modified, so as to produce a more or less 
perfect resemblance to some stinging Hymenopterous 
insect. 


Mimicry of Hymenoptera by Lepidoptera 

This is the case 'with two of the hawk-moths, called 
Bee Hawks {Sesia fiiciformis and S. bombyliformis), 
which in some degree suggest the appearance of 
humble-bees. The habits are, however, entirely dif- 
ferent, and the resemblance very imperfect — so much 
so that a lizard (Lacerta muralis), to which I offered a 
living specimen, was not imposed upon in the least, 
but devoured the insect without hesitation or caution. 
Although humble-bees are eaten by lizards, they are 
always seized cautiously, and disabled before being 
swallowed. 

In one respect these Bee Hawks are extremely in- 
teresting, for they provide a conclusive answer to those 
who believe that such mimetic forms have not been 
modified from a condition which is more characteristic 
of the group to which they belong. When the Bee 
Hawk emerges from the chrysalis its wings are even 
now thinly clothed with scales, which are shaken off 
in its first flight. The history of the change is still 
recapitulated, as in so many other cases, in the history 
of the individual. 

The two Hornet Clear-wing Moths {Sx)hecia ajn- 
formis and S. hembeciformis) afford far more perfect 
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examples of Mimicry, the resemblance to a hornet or 
large wasp being so strong that the great majority of 
people would shrink from them in fear. The insect 
carries out the imitation to the end, and when seized 
moves its body as if it were about to sting. 


Experimental proof that Protective Mimicry at first 
deceives an enemy 

The protective effect of the resemblance was well 
seen when I offered one of these moths {S- hemheci^^ 
formis) to Lacerta muralis. The lizard was evidently 
highly suspicious, and yet afraid. It examined the 
insect very keenly from a distance, approached cau- 
tiously, and touched it with its tongue. The effect of 
this investigation was evidently reassuring, as we 
might expect ; for the soft scaly body of the moth is 
very different from the hard polished surface of a 
wasp or hornet. And yet the lizard seized the moth 
with the greatest care, by the head and thorax, and 
began to thoroughly crush these parts, behaving ex- 
actly as it would have done with a wasp or bee. The 
texture, and perhaps the taste, of the insect, however, 
soon revealed the deception, and the lizard then treated 
the moth as unscrupulously as any other harmless 
insect. A few days afterwards I offered another moth 
of the same kind to the same lizard ; but the lesson 
had been learnt, and the insect was seized without 
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special examination or caution, and devoured dire 
it was seen. 

This experiment supports the conclusion previoi 
arrived at, that insect-eating animals do not s 
with an instinctive knowledge, but learn by experie] 
It also proves that the mimetic resemblance t 
deceive a peculiarly sharp and clever enemy, and < 
tainly acts as a protection to the insect. In this c 
the moth was brought within a few inches of 
lizard : in nature it would be seen from a much gre^ 
distance, and would, doubtless, be at once avoic; 
unless the enemy was impelled by excessive himge: 


Mimicry of Hymenoptera by Diptera 

Other orders of insects also commonly mimic 
Hymenoptera. A very common British insect belo 
ing to the Diptera (the order including flies, gm 
daddy-longlegs, &c.) is known as the Drone- 
(EristaUs), although it is often wrongly called a Dro 
It very frequently flies into houses, and may be 8i 
walking, in a very bee-like manner, on the wind* 
panes. In addition to the striking resemblance to a ' 
(see fig. 51) it buzzes in a most alarming mariner wl 
captured, and moves its body in a way that in 
suggestive for the nerves of most peoiile. And yet 
anatomical structure is entirely different from thaf 
a bee, and a superficial examination will show tha: 



)TIVE AND 
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Pia. 61.— Drouc-fly (Erislalis)^ to tlic riglit, aiid bee on a carrot-blossom ; 
natural size. 


Mimicry of Hymenoptera by Coleoptera 

Among the Coleoptera (beetles) a common English 
beetle (Clytm arietis) resembles a wasp in a very 
striking manner (see fig. 52). The slender waist, the 
shape of the head and antennae, and the black, yellow- 
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banded body are all mmi Hiiggimlivi* ; find iiltlifiiigii 
the transparent wingn ar«^ ex«*ept diiriiig 

fliglit, it will be ri‘iiir'iiilien'tl 
that the wiiigH ef it wiisji 
attraet very Hi th* iif teiiiiriii 
uiHlr‘r thciHiiiiie rimiiiiHtiiiieeH. 
Iliit till! inoHt rr'iiiiirkiiiile 

A nria-'fi • 1 * it 4 1 

ir..ri«i4ri juinit III tile rrHfiiililillire C'lili 

u imiiiml c'l/f, *111 

only be iipjiri/eiiileti by c.ilisi'rv-' 
irig the living irmeet. Wliiai wiilkiiiiL the hleiider 
waHp-like legs are moved in a rapid soiii«:\vlnii jerky 
iniinner, very difTenait from Ihit iisiifil i^lolid 
I)li*roUH Btrich*, but reiniirkably Hke llitf iiflivi.i iinnAi* 
mentH of a wanp, whicdi alwiiyn Hiieiii lo itiijdy tin*, 
perfeidioii of training. Wallan*, llr'll, litrd Hiaii|ier 
iiIho give iniiny iiwiiiiieeH of beelleH iirnl oilier 
imitating llie ap|ieri.riiiiet! of iinlH^ wliirb are i^vlreiwdy 
abiuitlant, and staan to be vc-*ry free from filliielc» in 
llio tropies. 

I liiiva chkstly ideetinl ii ftiw eoiiinioii llritiifli in- 
secti a» cixaiiiplew of Mimiery, but tin* nmiihrr liiiglit 
be multiplied indelinitoly from the fiiitna of 

otliur eoyntrioH. The e%iyiip}eii of roiiiM*, iiit»‘4, 
reiiiiirkiible when the aptaitiriiiiee «if the nnii-r If# m'liirli 
the mimetic form ladoiigs divergeti tiiofi! iiil% ty from 
that wIiMi inelucleii the imitiilwl upreien. 
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Mimicry of Hymeaoptera by Hemiptera 

Tilt! Ilatlf’iicicl liotiidB of tho common plant-bugs 
(Ilcmipii'ru) lire pcKniliarly characteristic, and tlieyarc 
ill iiiiiriy ways very unlike other irmocts. In Bpito of 
the iiiiiiieiiHe structural difTerciice which separatoB 
tlii'in froui tlie IlytiHjnoptera, Mr. Belt describoB and 
llgiirc:»s a Hicaraguan bug which mirnicB a hornet so 
closely that he caught it in his net, fully believing 
that it wan a hornet. 

Kii c'onniioii an* laiincdic rcHtuulilance-s in tropical 
coiiiitricH, alilioiigln doubtlcHs, unobserved by any 
except til** keenest iiaturalints, that Mr. Belt writes : 

* 'Wheiit^ver 1 fotiiul any inBt?ct provided with special 
iriiiiiiH of «Iefiii«*c 1 kiokeil for iniilativo forms, and 
was never ilisii|ipoiiik*d in limling them/ Many «!X- 
ani|4i*s will lie foina! in his most InlereHliug book, 
friiiii wliti'!i 1 liiiVi! already often (pioted. 

Mimicry of Coltoptera by Orthoptera 

'Miiiiy einiiipleH are also given by Wallace ^ and 
Heirn«a\'^ Cliic^ of the numt remarkable is i.i griiss- 
lio|i|M:*r {Orllmptmii) from Ihii lliilippirie IbIiwuIs, 
wlilrii ii liidybiril,^ and lias iicafuired the 

roitiiclitil corivei Bliiipe wlitch is cliiiriMderistic of tliesci 

* iPfnff iiiimit Plh Hal 01 , 

® dnmmi Iiilfiriimtwttiil pa* iSII4ll* 
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nauseous little beetles, and is so totally different from 
the usual appearance of a grasshopper. There are 
also many instances, from this and other localities, of 
insects resembling specially protected beetles. Some- 
times the peculiar defence of the mimicked species 
takes the form of a hardness so extreme that insect- 
eating animals are unable to make any way against it. 
Such uneatable beetles are generally imitated by other, 
and often distantly related, beetles ; but there is a cricket 
(Orthoptera) which defends itself in this way. The 
active and predaceous tiger-beetles are also mimicked 
by other beetles and insects of different orders. Thus 
in the Philippines a harmless cricket mimics one of 
these dreaded insects in the closest manner. 

A wonderfully detailed example of Mimicry from 
Tropical America 

One of the most interesting cases I have yet met 
with was found by my friend Mr. W. L. Sclater in 
Tropical America. In this part of the world leaf- 
cutting ants are only too well known, being most de- 
structive of the introduced trees. They are seen in 
countless numbers passing along their well-worn roads 
to the formicarium, and every homeward-bound ant 
carries a piece of leaf, about the size of a sixpence, held 
vertically in its jaws.^ Mr. Sclater found an insect of 
an entirely different kind, and, I believe, belonging to 

- ^ An interesting account of these ants, from which I have taken 
this short description, is given by Mr. Belt, Zoc. cU. pp. 71 et seq. 
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a different order/ which mimicked the ant, together 
with its leafy lurden. The piece of leaf was imitated 
by a thin, fiat expansion, and the resemblance was so 
striking that Mr. Sclater’s servant, who was a keen 
observer, actually believed that he was looking at an 
ant carrying its piece of leaf. 

Such cases can he explained by the operation of 
natural selection 

This last example is, as far as I am aware, unique 
in the detail with which the original is reproduced ; 
not only is the specially protected species copied, but 
it is depicted at its usual occupation, and the material 
ujpon which it labours is also included in the picture. 
I quote below a passage from Mr. Belt's work, be- 
cause it expresses in the clearest and simplest way 
what I believe to be a complete reply to those who 
would urge the incompetence of natural selection to 
produce so faithful and detailed a likeness. 

' The extraordinary perfection of these mimetic 
resemblances is most wonderful. I have heard this 
urged as a reason for believing that they could not 
have been 'produced by natural selection, because a 
much less degree of resemblance would have protected 
the mimetic species. To this it may be answered that 
natural selection not only tends to pick out and pre- 
serve the forms that have Protective Eesemblances, 

^ Professor Westwood and Mr. W. P. Kirby believe that the insect 
was one of the MemhracidcB (Homoptera). 
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but to increase the perceptions of the predatory 
species of insects and birds, so that there is a con- 
tinual progression towards a perfectly mimetic form. 
This progressive improvement in means of defence 
and of attack may be illustrated in this way. Suppose 
a number of not very swift hares and a number of 
slow-running dogs were placed on an island where 
there was plenty of food for the hares, but none for 
the dogs except the hares they could catch ; the slowest 
of the hares would be first killed, the swifter preserved. 
Then the slowest-running dogs would suffer, and, 
having less food than the fleeter ones, would have least 
chance of living, and the swiftest dogs would be pre- 
served ; thus the fleetness of both dogs and hares would 
be gradually but surely perfected by natural selection, 
until the greatest speed was reached that it was possible 
for them to attain. I have in this supposed example 
confined myself to the question of speed alone, but, in 
reality, other means of pursuit and of escape would 
come into play and be improved. The dogs might 
increase in cunning, or combine together to work in 
couples or in packs by the same selective process ; 
and the hares, on their part, might acquire means of 
concealment or stratagem to elude their enemies; 
but, on both sides, the improvement would be pro- 
gressive until the highest form of excellence was 
reached. Viewed in this light, the wonderful perfec- 
tion of mimetic forms is a natural consequence of the 
selection of the individuals that; on the one side, were 
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mora and more mimetic, ami, on. tho other (tliat of 
their eiiefiiieH), more ami more al.4e to penetrate 
lliroiigh the iiKsumecl cliHgiiiHeH.’ * TIiIh argument in 
of eoiirHB i.*ijually appliciihle to the wonderful caBOH 
of Froic'c’live liimemhlanee for the Bake of conccal- 
riieiit* 


lasccts mimicked by animals belonging to a 
different class 

Wci mimt now pasn on to <*aHC‘H in whitdi there in a 
Htill wider interval hcRween tin; inimiekca’ and the 
Bi;M,?eieB which HluilterB it from attack. The Inneeta 
form one importiuit idanB of the Hub-ldngdom Arthro- 
IMidii, while the Araehnitia (including the BpiderB and 
Keorpi«,iiiH) cfiimtitiite amdlier of itn <daBBeB. Very 
importiiiit aiiaioiiiieal dilhutmceH Heparate thene two 
cIiiHBeB, ftrif! yet iiieiriherB of the latter arcj known to 
liiiiiiii! Bjieeii*a ladoiigiiig to the fornutr. IIiuh, HpidcirB 
which iiitinie iintn are known in both tl.ie Old and tlie 
New World. Orai Bticli mimetic Hpi<h»rwaB helie,vc.;d l)y 
■Mr. .Ih'lt hi hi’ riri iint until he had killed it. 'riie 
iiiiieiifuc of llii,' iiiit were repri'wcnletl liy the two fore 
ItfgB of till- Bpider, and they were hehl and moved 
iilioiit ill tilt? c!iit,riii?ti,udBitc nuinner. TIiib rcBemhlanee 
Inti lieeii eijiliiiiitid ii» Aggre»Bivii rather tliati iTok^c- 
tiv«i lliiiiiery, eiialding the Bpidem to iippniii(?li the 
iiiiti whiidi llii^^'iire MUppoNcd to prey. M'r. Belt, 
lifiwt?vei% poi.iitB out Unit tin.* iiniH, ht.dng frti? from 
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attack, are very kold and fearless, so that no disguise 
is necessary in order to approach them. The spiders, 
on the other hand, are eagerly sought for by insecti- 
vorous birds; hence there is little doubt that the 
mimicry is protective.* 

E. Gr. Peckham also describes two ant-hke spiders 
in North America. Synageles picata (see fig. 53) is 
lik e an ant in form and colour ; 
but ‘ by far the most deceptive 
thing about it is the way in 
which it moves. It does not 
jump like the other Attidte, nor 
does it walk in a straight line, 
but zigzags continually from side 
to side, exactly like an ant which 
is out in search of booty. . . . The ant only moves 
in this way when it is hunting, at other times it goes 
in a straight line ; but its little imitator zigzags always.’ 
Unlike Mr. Belt’s spider, S. picata holds up its second 
pair of legs to represent antennse. ‘ Spiders commonly 
remain nearly motionless while they are eating ; picata, 
on the other hand, acts like an ant which is engaged in 
pulling some treasure-trove into pieces convenient for 
carrying. I have noticed a female picata which, after 
getting possession of a gnat, kept beating it with her 
front legs as she ate, pulling it about in different 
directions, and all the time twitching her ant-like 
abdomen.’ This spider certainly does not molest the 


Fig. 63 . — Synagelea picata ; an 
ant-like spider (from Peck- 
kam). 


* Z/Oc, cit pp. 314, 315. 
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ants it resembles, so that the Mimicry is probably pro- 
tective. Synemosyna formica (see fig. 54) is even more 



Fig. 5i.-^JSynemosyna formica, an ant-like spider (from Peokham). 

like an ant than S. picata ; it also holds up its second 
pair of legs as antenna, and its walk is described as 
very different from that of closely allied spiders.' 


Insects which mimic Vertebrate animals 

We finally reach the naost remarkable cases of Pro- 
tective Mimicry, in which the defenceless form lives 
upon the reputation of some dangerous animal belong- 
ing to another sub-kingdom. 

Mr. Bates describes a South American caterpillar 
which startled him, and everyone to whom he showed 
it, by its strong resemblance to a snake, and it even 
possessed the features which are charaxsteristic of a 
poisonous serpent.* 

* Loc. cU. pp. 110-12. 


* Loc. cU. p. 609- 
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Equally interesting examples are to be found 
among our British caterpillars. The brown (or occa- 
sionally green) mature larva of the Large Elephant 
Hawk Moth (ChcBrocampa elpenor) generally hides 
among the dead brown leaves on the older parts of 
the stem of its food-plant, the Great Willow-herb 
(^Epilohi'um hirsutiim). In this position it is difficult 
to see, for it harmonises well with the colour of its 



Fig. 66.— Tlie caterpillar of the Large Elephant Hawk Moth (Ohcsrocampa 
elpenor) when undisturbed; full-fed ; natural size (from Weismann). 


surroundings. It possesses an eye-like mark on each 
side of two of the body-rings (the first and second 
abdominal segments); but these markings do mot 
attract special attention when the animal is undis- 
turbed. The appearance of the caterpillar is shown 
in fig. 65. 

As soon, however, as the leaves are rustled by an 
approaching enemy, the caterpillar swiftly draws its 
head and the three first body-rings into the two next 
rings, bearing the eye-like marks. These two rings 
are thus swollen, and look like the head of the animal, 
upon which four enormous, terrible-looking eyes are 
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prominent. The effect is greatly heightened by the 
suddenness of the transformation, which endows an 
innocent-looMng and inconspicuous animal with a 
terrifying and serpent-like appearance. I well re- 
member the start with which I drew back my hand 
as I was going to take the first specimen of this cater- 
pillar that I had ever seen. The appearance of the 
closely allied (7. porcellus in the alarming attitude is 
shown in fig. 56. The posterior ‘ eyes ’ are insignifi- 
cant in this species. 



Fia, 66.— Tlio caterpillar of the Small Elephant Hawk Moth ( Cha^rocampa porceUiis) 
in its terrifying attitude after being disturbed (from Weismann) ; stage Iv. ; 
about twice natural size. 

Such caterpillars terrify their enemies by the sug- 
gestion of a cobra-like serpent; for the head of a 
snake is not large, while its eyes are small and not 
specially conspicuous. The cobra, however, inspires 
alarm by the large eye-like ‘ spectacles ’ upon the dilated 
hood, and thus offers an appropriate model for the 
swollen anterior end of the caterpillar with its terrify- 
ing markings. It is extremely interesting that the 
caterpillar should thus mimic a feature which is only 
deceptive in the snake itself. 
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Experimental proofs of the protection afforded by 
resemblance to serpents 

Tho success of this incthnd of flefpticft jlcjicnrls 
upon nil claboriitc system of intimiiliiUon. An olivtww 
criticism siiggostH that this intorpri'tiition is loo fniici- 
ful, and that tho apis ariuice iimst hnvo kojhi* other 
meaning. It is thert'fon' of thi* highcHt imporfaiu’i* 
to bring forward dirwt evidence proving that inmct- 
eating animals are actually terrilieil by surh enier- 
pillars. 

Professor Weismann offered a Large Klepluint 
caterpillar to a tame Jay, which uiiniedintely killed 
and devoured it. His fowls were, however, imteh 
awed by tho appearance of a larva, although alter 
great deliberation one of them ventured to attack it, 
when tho imiioHition was of cmirso instantly n-veiilwl, 
and the caterpillar devoured. He then phieed one in 
tho seed-trough, and found that the spnrnnvH niid 
chaffinches were effeetHally kept off by it. One sjtarrow 
flew down obliquely, so that tho caiterpitlar was hidib n 
by the side of tho trough until the bird was el«se tifftn 
it ; the instant the caterjiilhir was s« en, th< bird elenrly 
showed its alarm by the Ktulden mumu-r in whii h it 
altered its course.' Lady Verm y also found tlmt Mnall 
birds would not come near a tray eontjiining brn ad- 
crumbs when one of these caterpillars a aw plaei d 
upon it.® 

* cii. pp. BMSU, ‘ Umd§, 1 ^ 17 , |# 
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I offered a mature larva of the same kind to a 
full-sized Green Lizard (Lacerta viridis), and closely 
watched the encounter. The lizard was evidently 
suspicious, and yet afraid to attack the caterpillar, 
which maintained the terrifying attitude in the most 
complete manner throughout. The lizard kept boldly 
advancing and then retreating in fright ; but at each 
advance it approached rather nearer to the caterpillar. 
After this had taken place many times and nothing 
had happened, the lizard grew bolder and ventured 
to gently bite what appeared to be the head of the 
caterpillar ; it then swiftly retired, but finding that 
there was no retaliation, it again advanced and gave 
a rather harder bite. After a few bites had been given 
in this cautious manner, the lizard appeared satisfied 
that the whole thing was a fraud, and devoured the 
caterpillar in the ordinary manner. There could be 
no doubt whatever that the lizard was intimidated at 
first, and that its alarm was due to the appearance of 
the caterpillar. I had often given the same lizard 
equally large hawk moth caterpillars of other species, 
and they were invariably attacked and devoured with- 
out any ceremony. I have never seen a lizard behave 
with such caution as on the occasion I have just 
described. 

Lizards have good reason for such an instinctive 
dread, for the appearance suggests that of one of their 
most terrible foes. Mr. Belt graphically describes the 
pursuit of a lizard by a snake. was once standing 
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near a large tree, the trunk of which rose fully fifty feet 
before it threw off a branch, when a green Anolis 
dropped past my face to the ground, followed by a 
long green snake that had been pursuing it amongst 
the foliage above, and had not hesitated to precipitate 
itself after its prey. The lizard alighted on its feet 
and hurried away; the snake fell like a coiled-up 
watch-spring, and opened out directly to continue 
the pursuit ; but, on the spur of the moment, I struck 
at it with a switch and prevented it. I regretted 
afterwards not having allowed the chase to continue, 
and watched the issue, but I doubt not that the lizard, 
active as it was, would have been caught by the swift- 
gliding snake, as several specimens of the latter that 
I opened contained lizards.’ ^ 

It is almost certain that these terrifying appear- 
ances in the larvae of our temperate latitudes first 
arose in warmer countries, where the danger decep- 
tively suggested by the Mimicry is real and obvious. 
The success which attends this method of defence, in 
countries where the reptilian fauna cannot be said to 
constitute a source of alarm, is similarly due to the 
inheritance of instincts which arose in the tropics, 
and which live on, as that unconquerable dread of any- 
thing snake-like, which is so commonly exhibited by 
the land vertebrates, including ourselves. 


‘ Log. cit. pp. 339, 340. 
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Similar mimetic resemblauce ia tropictd larva 

Lord WiilHinglmni lias shown me some beautiful 
(if an Indian caterpillar in which the terrify- 
iiig * l ycs ’ are placed further back than in the Elephant 
Hawks ; in fact, so far back that the appearance of a 
head cannot bo pro<lucc(l by tolescoping the front part 
into that which lamrs tlio marks. The larva, however, 
achieves the Himu* end by doubling the front part of its 
bmly Isineatli the rest, the bend being made at the spot 
where the eye-like marks are placed, so that the 



latter ar*- iuought int«> an appropriate position at the 
»iii» rior » i»d, while the* real head isof course concealed 
tmdir the Issly {««»; fig. 57). Tho effect is not 
wpinl to that jirralnced by I'lueromnjm, but it must be 
iicry striking when the larva is partially concealed 
tiniong the h aves of its food>plan(. 

The larva of the luropoan Tau Emperor {Aglia 



Fig. 68.— The larva of Aglia, Tau in its terrifying attitude with the eye-liko 
mark exposed ; full-fed ; natural size. 

It is obvious that this kind of intimidation re- 
quires a caterpillar of a considerable size in order to 
carry it off; and as a matter of fact we never find it 
attempted by small caterpillars. A full-grown Large 
Elephant Hawk is quite as thick as a small snake, and 
when partly hidden among leaves its length might be 
safely left to the imagination. 

Some reasons why Mimicry is so frequent and perfect in 
Insects 

Although mimetic resemblances are far commoner 
and more perfect among insects than any other group 
of animals, the phenomena will probably be found to 
occur very widely when attention is directed to the 
subject. It is, however, very unlikely that any one 
group of animals employs this method of defence to 
an extent which at all approaches the insects. The 
defenceless character of the group as a whole, the 


Tatt) has an eye-like mark which it can expose when 
attacked, but which is otherwise concealed. The 
appearance of the larva in its terrifying attitude is 
shown in fig. 58. 
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;rhich they are preyed upon by the higher 
leir enormous fertility, and the rapidity 
the generations succeed each other, are 
y natural selection operates more quickly 
perfectly than in other animals, producing 
semblances or other forms of Protective 
je in number and fidelity of detail un- 
roughout organic nature. 

Protective Mimicry in Vertebrata 

'' is by no means unknown among the Yer- 
nals. Thus the brightly coloured snakes 
IS Elaps, already alluded to, are closely 
3y harmless snakes belonging to different 
Lhe names of several mimetic species, and 
3ances of the same kind among African 
be found in Mr. Wallace’s ‘ Darwinism.’ 
riter also gives many instances of Mimicry 
Ehus the powerful and aggressive friar- 
Malay Archipelago are exactly mimicked 
id timid orioles, representative species of 
)ird and oriole occurring in several of 

I 

wo classes of Protective Mimicry 

me& may be distinguished among the pre- 
oiples. In the vast majority of cases the 


^ Loc» dt. pp. 261-64. 
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mimicking species is defended against the enemies 
which are afraid of or dislike the mimicked form. In a 
relatively few cases, however, it seems to be defended 
from the attacks of the mimicked form itself. Thus 
Bates describes a genus of South American crickets 
(Scaphura) which closely resemble ^ different sand 
wasps of large size, which are constantly on the search 
for crickets to provision their nests with.' Another 
cricket resembled a predaceous tiger-beetle, and was 
‘ always found on trees frequented by the beetles.' ^ 
A few other examples will be found in the preceding 
pages. 

Aggressive Mimicry 

In most cases of Aggressive Mimicry one species 
resembles another in order to be able to approach it 
without exciting suspicion. The former is thus able 
to injure the latter in some one of the ways which 
wiU be described below. Aggressive Mimicry is far less 
common than Protective Mimicry. 

Trimen has shown that hunting spiders are 
sometimes very like the flies on which they prey. 
The general resemblance in size, form, and colouring 
is greatly aided by the movements of the spiders, which 
evidently mimic ‘ the well-known movements so cha- 
racteristic of flies.' Bates has described a Mantis which 
closely resembles the white ants on which it feeds. 

In some cases the Mimicry enables the aggressive 


Loo. cit. p. 609. 
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form to lay eggs in the nest of that which it resembles, 
so that its larvae live upon the food stored up by the 
latter or even upon the larvae themselves. The bold- 
ness of these enemies sometimes depends upon the 
perfection of their disguise. Thus the larvae of flies 
of the genus Volucella live upon the larvae of bees and 
wasps. Volucella bombylans occurs in two varieties, 
which prey upon the humble-bees, Bomhus muscorum 
and J5. lapidariuSj and are respectively like these Hy- 
menoptera. The resemblance is very perfect, and the 
flies enter the nests to lay their eggs. Volucella inanis 
is less like the common wasp (Vespa vulgaris), and only 
dares to lay its eggs in the evening at the entrance of 
the nest, so that the larvas may crawl in, or they or 
the eggs may be accidentally carried in by the wasps. It 
is said that the resemblance often fails to conceal the 
fly, which is then killed by the wasps. ^ Some Hyme- 
noptera also live upon the labours of other species of 
the same order, and often resemble the species they 
delude. Thus, bees of the genus Psithyrus closely 
resemble humble-bees (Bombi) : they lay their eggs 
in the nests of the latter, and their larvs are developed 
among those of the Bombi.^ 

^ Mr. 0. B. L. Perkins attributes the cautious babits and frequent 
failure of 7. inanis to the acuteness and ferocity which distinguish 
the wasps from humble-bees. 

2 Mr. Perkins considers that the Mimicry is intended to enable the 
JPsithyri to leave the nests after emerging from the pupa, rather than 
to enable the mature females to deposit their eggs in it. 
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The numickiiig form may prey upon some animal which 
accompanies the species mimicked 

In certain cases the Aggressive Mimicry is of a 
different kind: the mimicking species preys upon 
some animal which is not afraid of the mimicked 
species, or which even lives in company with the 
latter. Thus E. G. Peckham thinks it possible that 
the ant-like spider, Synageles picata (see fig. 58, page 
256), may prey upon beetles which accompany ants.^ 
As this does not appear to be sufficiently proved, I 
have retained the spider as an example of Protective 
Mimicry. Professor Meldola has suggested ^ that cer- 
tain ant-like spiders from Africa, described by Mansel 
Weale, are enabled to approach the flies on which they 
prey, because the latter are not afraid of ants ; for 
ants and flies may be seen feeding together upon the 
sweet secretion of the same tree. 

The clear distinction of both Protective and Aggres- 
mve Mimicry into two classes I owe to E. G. Peckham. ^ 

* Log. (M. p. 111. 

^ Proc. JSJnt. Soc. Ztond, 1878, p, xix. 

^ hoc. ciU p. 103. 


CHAPTER XIY 


TBB COMBINATION OF MANY METHODS OF 
DEFENCE 

It has already been shown by repeated examples that, 
although the various uses of colour are quite distinct 
from one another, they are frequently combined in a 
single animal. Thus the larvae of the Elephant Hawk 
Moths {ChcBTocampa elpenor and (7. porcellus) were 
shown to be well concealed among brown leaves ; but 
they assume a terrifying attitude when detected and 
attacked. I will now bring forward two striking ex- 
amples of the different lines of defence which are 
successively adopted by certain caterpillars. 


The larva of Puss Moth well concealed by G-eneral 
Protective Resemblance 

The larva of the Puss Moth {Cerura vinula) is 
very common upon poplar and willow. The circular 
dome- like eggs are laid, either singly or in little groups 
of two or three, upon the upper side of the leaf, and 
being of a reddish colour strongly suggest the appear- 
ance of little galls or the results of some other injury. 
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The youngest larvso arc black, and also rest upon the 
upper surface of the leaf, roHembling tht! dark patches 
•which are commonly seen in this poHilion. Ah the 
lar'va grows, the apparent black patch would co^'tfr ttai 
largo a space, and would load to detection if it Ktill 
occupied the whohs surface of the body. The latter 
gains a green ground-colour which liarmonisoH with 
the leaf, while the dark markitig is chi« f!y confined to 
the back. As growth proceeds the relative amount of 
green incrcasoB, and the dark mark is thus prevented 
from attaining a size which would render it ttm con- 



Fffi. lgririM*f Vam Mwfli (f\ pfnuitt) ; 

spieuous. In the last stage of growth tlie green larva 
becomes very large, and usually rests on the tw’igs of 
its food-plant (see fig. 69). The dark eolour is still 
present on the back but is softened to a purplisli 
tint, which tends to bo replaced hy a combination of 
white and gi’oen in many of the largest larva*. Hrich 
a larva is well conceakal by (h‘nc‘ral I'rotrctive 
Besemblanco, and one may search a long time be forts 
finding it, although assured of its presence from the 
stripped branches of the footl-pknt and the hrm on 
the ground beneath. 
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The same laxva assumes a terrifying^ attitude (mimetic 
of a vertebrate appearance) when disturbed 

Ah Hoon an a large larva in tliseavenid atul disturbed 
it witialrawH its head into tlio iirst body-ring, inflating 
the margin, which is of a bright rod colour. There arc 
two intonsely Idack spots on tliis margin in the appro- 
priak! position for eyes, and the whole appoaranco is 
that of a large fiat face 
extending to the outer 
edge of the rod margin 
(800 fig. fiO). The effect 
18 an intensely (-xag- 
g(«rati'd caricature of a 
vertebrate face, which is 
pndjably alarming to the 
vertelirate enemies of the 
eaterpiliar. The terrify- 
ing effect is therefore minadic-. The movements en- 
tirely di pend on taetile impressions: when toiudied 
ev( r Ml lightly a heaithy larva iiiiniediately asHumes 
the tei rifying attitude, anil turns so as to prosont its 
full face lownrds the enemy ; if touched on the otlior 
side or (lit the Itaek it itistanily turns its face in the 
Bl*pri»priitte direction. 
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Effect heightened by two pink whips 

The effect is also greatly strengthened hy two pink 
whips which are swiftly protruded from tlio pmsign 
of the fork in which the body tisrininatim (we fig, r»l). 
Those prongs reprcsont tin* last pair of larva! legs, 
which have boon greatly modified from their ordinary 
shape and use. Tho end of the body is at the sntne 
time curved forward over the back (generally mueh 



Fm, 6L-4)rie rut tint jilnk wlitfi# kr¥» i»f 

pr«trii«li?*I frniii Urn 1 m i, 

farther than in fig. CO), so that the pink filaments arcs 
’ ’ ’ t! ’ ’ ■ ‘ ■ 
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The fing(tr cotiUI then he withdrawn by pulling the 
string, aiui prutruded by blowing into th« glove. The 
filameiit.H are fspucittlly uned in young and half-gi'own 
liirvie ; the larger caterpillars often lose the power of 
protruding them. 

The appisaranee of the caterpillar is sufliciently 
alarming to human beings, and most people believe 
that the black marks are really eyes. Kosel was 
afraid to toucdi the larva when it assumed its terrify- 
ing attitude. Izaak Walton speaks of the bla<jk marks 
as ‘ his eyes black as Jet,’ in a description which, by 
the way, is a translation of the Latin account given 
by Siluffolt (or Mouftd),' or more probably slightly 
iiUKlifnd from the a<!eouiit in Topseirs 'History of 
Herpents'(!} which is Isjrrowed from Mullett.* 


The care aeoeieary if we are to obtain experimental 
proof of the protective value of »uch terrifying 
appearances 

I havi' ftniiid that the marmoset was certainly 
terrified by a birgt; Fuss caterpillar, and although it 
is said to lie greeilily tlevonretl by birds, I do not 
expect that the ixpiriment was carried out in a 
ininmer at nil fair to the larva. Wlum a larva is un- 
w rnpuiously flung into a cage by some one from 

* »im wdfu-mmmM dnitmlium Tkmirum. Loiitltm, 

llllfl. p. I«ii 

^ liii, p, 


T 
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whom the birds expect to be fed, it in almost certain 
to be attacked before it has a chance of aHsmning its 
terrifying attitude. In conducting such an csiXiri- 
ment a healthy vigorous larva should bo chosen and 
carefully introduced, so that it may have the same 
opportunities of defence which it would pOHsess in 
a wild state. 


The larva of Puss Moth can farther defend itself by 
ejecting an irritant fluid 

All the defensive measnreH hitlierto demeribed iiro 
of a passive nature, but if further attacked the rater- 
pillar can defend itstdf in a very ellective manner. 
The lower part of thi^ red margin below the real bend 
of the animal is perforated l>y a slit-like Jipening (f« i! 
fig. (50), leading into a gland whicli Hccretes a r!t*ar 
fluid. This fluid is stored up in eonsiderabh; iiuaiitity 
and is ejected with great force when the raterpillar is 
irritated. The ‘ face ’ being turned towards any jatint 
at which the larva is touched, the stream is sunt in 
the direction of the enemy. It has fieen long known 
that this fluid causes acute jaiin if it enters the eye. 

In working t)ut the clK-mistry of this serielion I 
have been very kindly helped by many eminent 
chemists. My thanks are espeeinlly due !o iVof.-Hsor 
E. Meldola and Mr. A. (1. Vernon Ilamuirt. The 
secretion proved to be a mixture of form}!- jicid and 
water : in a mature larva the projjorlion of acid is as 
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high HH foi-ty per eent., and a twentieth of a gramme 
can be (•jeeted if the caterpillar has not been irritated 
for some) days. Half-grown individuals eject nearly 
as nuieh, but the fluid is weaker, containing about 
tlnrty-thr(!t! to thirty-live per cent, of acid. The rate 
of secretion is slow ; two days and a half after the fluid 
had term collected from two large caterpillars they only 
yielded a fortieth of a gramme between thorn.' So far 
as we know at present, no other animal secretes a 
fluid containing anything which approaches this per- 
centage of strong acid. 

The value of this strongly irritant liquid is sufli- 
ciently obvious. I have seen a marmoset and a lizard 
affected by it, and have myself twice experienced 
sharp pain as the resnlt of receiving a very small 
quantity in the eye. Although tho secretion is there- 
fore useful as a defence against vertebrate enemies, it 
is probably chiefly directed against ichneumons. 
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the ichneumon would probably escaiMj tho Hhowcr f>f 
formic acid. I have never witneased the attack, but 1 
imagine that the ichneumon swoops down ujwm tlm 
back of the larva just behind the head, and holds on m) 
tightly with its sharp claws that it cannot be dislodged 
by the violent struggles of the gaterpillar. Probably 
many fail and arc struck l>y tlie acid shower, which 
has a very fatal offect upon them. 

I have enclosed ichneumons of tho gtnius J'tinmus 
in a glass cylinder containing tho larva’. The latter 
showed not tho Blightest sign of any knowknlge of 
the presence of their deadly foes, until accidentally 
touched by the iclmouraons as they were hurrying 
up and down in their emleavonrs to escapi). The 
instant tho larvto were tonehed tlu-y uHsuined the? 
terrifying attitude and turned ttnvards the spot, tlu: 
lips of the opening of the gland swollen by pressure 
from within, in readiness for an immediate discharge. 
When an ichneumon was Iield in tins forceps and thus 
made to touch the caterpillar several times, the fluid 
was ejected almost instantly, while the larva alsti 
made vigorous efforts to bite its fHisiny with its 
powerful mandibles. A little of tho secretion mm 
collected in a tube and placed on the iclmetinions, 
which collapsed at once, and either diwl or twjk many 
hours to recover. 

When once the eggs arc fixed tin.* larva is doKwisrl ; 
the maggots begin sacking its juices hh mhiu iw fhi ir 
heads emerge from the eggrshell, while the fail remains 
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firmly adherent in the latter. They are thus tightly 
fixed to the larva hy both enda. The caterpillar is 
nearly always allowtsl to become full grown and spin 
a cocoon bttfore the maggots have become large. In 
this way the latter secure a safe retreat and more 
abundant food. When they have grown largo and 
tlieir prey is shrivelled and almost dead, they lose the 
attachua nt to the egg-shell and dcivour from all points, 
until nothing but a dry and empty skin is left. They 
then spin their own cocofms within that of the cater- 
pillar. The latter is also attacked by other parasites 
and probably often by vertebrate insect-eaters. 


Thus, in spite of the; fact that the eaterpular pos- 
Hosses so many defensive ai)pIianceH, it is eHi»eeially 
liable to attack, far more so tlian many other larvffi 
which arc less protedewi. Mr. G. 0. Bigncll enu- 
ineratisl seven sjsMdes of pariisites whitdi attack it. At 
first sight this scjuns to be a dilVieidty, Imt we must re- 
iimids r that wo are probably dealing with an animal 
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teeted larvse are often those which die in the largest 
numbers from the attacks of enemies. The excep- 
tional standard of defence has been only reached 
through the pressure of an exceptional need. 


The larva of lobster Moth weU concealed by Special 
Protective Eesemblance 

The caterpillar which I select as a second example 
of the way in which various modes of defence may be 
combined, is that of the Lobster Moth (,SV«Hrop»» 
fagi), which is rare in this country. Its usiiiil food- 
plant is beech, and when at rest it is wfdl concealod 
by resembling a withered leaf irregularly curled up. 
The stalk is represented by two long thin appendages, 
which, like the fork of the Puss caterpillar, have been 
modified from the last pair of clnspcrs. At rest, thcsi* 
appendages are held together and appear to be one. 
The second and third pairs of true legs are (.'xtrii- 
ordinarily long, but the length of each is Imlvc-d by 
doubling in the middle, and all four donbled-up l«‘gs 
hang down in a hunch. They thus resembk,* in tb« 
most remarkable manner the bunches of brown scaltts 
(the stipules of the foliage leaves) which {tnekmet tin* 
buds of the beech, and hang down after the latter are 
unfolded. The colour, length, and shape each 
folded leg, and the number of legs which thus htnsg 
down together, are all such as strongly to HUggf*st the 
appearance of the scales. 
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The same larva assumes a terrifying^ attitude (mimetic 
of a spider) when disturbed 

As soon as the larva is disturbed it holds the 
anterior part erect, and assumes a terrifying position 
which mimics that of a large spider. All the points 
in a spider’s attitude and appearance which impress 
the imagination are seized upon by the larva and 
exaggerated for the sake of effect, while quite novel 
touches are added with the same object. The first 
pair of legs, which are not unusually long, are held 
so as to suggest the jaws of a spider, but they are 
larger and more widely gaping than any actual jaws. 
The four elongated legs are held widely apart and 
are made to quiver in the most terrific manner, as if 
the animal was preparing to seize its prey. The hind 
part of the body is turned so far over the head that 
the two appendages project over it, and they are at 
the same time made to diverge. In this position they 
strongly suggest the appearance of a pair of antennae, 
and add an ideal finish to the apparent monster, 
which is, indeed, exactly like nothing upon earth, but 
which is, nevertheless, most effective in its appeal to 
the imagination. When the hind part is thus turned 
forward, its ventral surface of course becomes the 
dorsal surface of the abdomen of the supposed spider, 
and it is appropriately coloured and has an appearance 
of plumpness which greatly adds to the resemblance. 
When the larva is much irritated, it gently moves 
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this hinder part from side to side, and with it this 
antenna-like appendages. This movement hIno 
to the general effect. 

When the larva is sliglitly irritated, tin* position is 
often imperfectly assumed at lirst, hut ns the irritation 
is repeated and increasisd, the animaliuhlH the vnrions 
details which go to make up the terrifying attitude in 
its most perfect and eluhorato form. 


Experimental proof of the proteotive valae of the 
terrifying attitude in the lobster caterpillar 

I offered two of these hirvie to the nmrniosi t, iiml 
the results proved the importance! of conducting such 
experiments with the gr(!atest care, if ri iiahh* con- 
clusions are to he obtained. The iinirmow-t kmnv 
that my boxes contained iiisi'Cts, iinrl was always very 
keen and excited at the sight of them. When tint l»ox 
containing one of the ‘ LohskTs ’ was op«?m}(l, the cater- 
pillar was seized and devoured lA-forc it had linn* k» 
alter its position, and before the marmoset could have 
had the chance of being intimidaUn!, The siHond 
caterpillar was placed on the kihle and made to assuim* 
its terrifying attitude, and then the marimiHii wa** 
allowed to approach it. Although a call rpillnr of fhi' 
same size had just been mten without f!i«> jiiightrut 
hesitation, tho marnoutwet was much impn jised by the 
alarming sight, and wjly ventund to nltm-h nffer the 
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cautious manner. However, as no resistance was met 
with, the larva was soon devoured and greatly relished. 
I then tried a similar experiment with a lizard, which 
only attacked the larva after a cautious examination. 

The interpretation of the attitude assumed by 
the irritated caterpillar was originally offered by H. 
Muller, and it may be now said to rest upon a basis 
of experimental proof. It is also very likely that the 
spider-like appearance is a defence against the insect 
enemies of S.fagi. This is rendered very probable by 
H. Muller’s observation, that ichneumons keep out of 
the way of spiders and are rarely seen in their webs. 


The Lobster caterpillar - also deceptively suggests that it 
has been already stung by an insect parasite 

But the caterpillar possesses another method of 
defence, if hard pressed by an insect foe. On the side 
of each of the fourth and fifth 
body-rings there is an in- 
tensely black patch sunk below 
the general surface and con- 
cealed by a triangular flap. 

When irritated, the flap is 
lowered and the black patches 
become very conspicuous (see 
fig, 62 ) . It is probable, as H. 

Muller has suggested, that 
these xnarks serve to imitate the appearance of 



FiQ-. 62.— The 4th and S^h hody- 
rings (1st and 2nd ahdomlnal) 
of the larva of Btauropm fagi as 
seen from the right ^de when 
theinitated larva has exposed 
the black marks by lowering the 
flaps ; last stage ; x 2^. The 
details of the surface are only 
indicated in the posterior part 
of the 6th body-ring. 
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ichneumon stings, or perhaps the result of a struggle 
with some insect enemy, in which the larva has been 
wounded. The blood of caterpillars forms a black clot, 
so that wounds are nearly always black until after 
the next change of skin. 

This is another form of mimetic resemblance — the 
deceptive appearance of the traces left by an enemy 
suggesting that the larva is already ' occupied.’ 

The larva of Stauropus fagi therefore bristles with 
defensive structures and methods. At rest, it is con- 
cealed by a combination of the most beautiful Protec- 
tive Eesemblances to some of the commonest objects 
which are characteristic of its food-plant. Attacked, 
it defends itself by a terrifying posture, made up 
of many distinct and highly elaborate features, all 
contributing to this one end. Further attacked, it 
reveals marks which suggest that it can be of no 
interest to an insect enemy, for another parasite is 
already in possession. 


The failure of this combinatioii of defensive methods 

The caterpillar is so rare in this country that we 
know but little of the enemies which attack it. Two 
parasites are, however, mentioned in Mr. Bignell’s list. 
Its very rarity, however, proves the constant failure of 
all defensive measures. There is little doubt that the 
larva is in the same position as that of the Puss Moth, 
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bnt has not been equally successful. The means of 
defence have been the response on the part of the 
organism to the increasing attacks of enemies, and 
the latter on their part have met the response by 
increased vigilance, activity or boldness. Mr. Belt’s 
metaphor of the mutual selective action between dogs 
and hares exactly explains the relation between these 
highly-protected larvae and their enemies, and serves 
to sho'w why it is that less attacked larvae are also 
less defended (see pp. 253-55). 

When we compare the elaborate defence of these 
two much-persecuted larvae, with the far simpler and 
less effective protection of many caterpillars which 
are less subject to attack, we are made to realise the 
pre-eminence of natural selection in moulding the 
forms of life around us for their ceaseless mutual 
strife. 
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CHAPTBE XV' 

COLOUBS PBOJDVCED BY COUBTSHIP 

In addition to the colours and patterns which assist 
an animal to evade or warn off its enemies or to socuro 
its prey, there are also colours and appendages whicli 
must have some very different meaning. These ap- 
pearances are seen in mature animals, and freciucntly 
undergo periodical development at times which cor- 
respond to the breeding season; and when the two 
sexes differ, the males are almost invariably the more 
brilliant. Although far less important and wide-spread 
than the protective or aggressive colours, they are 
more generally known and appreciated, liecause they 
are conspicuous as well as beautiful, and are freely 
displayed by the animals which possess them. 


The theory of Sexual Selection 

However these colours may have arisen, every ob- 
server must admit that they are in some way connected 
with sex. Darwin accounted for them by his celebrated 
theory of ‘Sexual Selection." He supi^sed that 

' The Descent of Man, Part ii. Sexual Seketim. 
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the aesthetic sense is widely distributed among the 
higher animals (vertebrates and some of the most 
specialised invertebrates), and that the colours which 
certainly appeal to this sense in man, are not without 
effect in causing gratification to the animals them- 
selves. Among the other forms of rivalry between the 
males for the possession of the females, there is rivalry 
in beauty and its appropriate display ; and the choice 
of the females being largely determined by their 
asthetic preferences, the beauty and agility of the 
males has been gradually increased. The females 
may share in the growing adornment, for the qualities 
of the male will tend to pass over by degrees into the 
female offspring, although such tendencies will be 
often checked by the operation of natural selection, 
as Mr. Wallace has shown us in a most convincing 
manner.^ 

This explanation of the origin and meaning of 
sexual .colouring is not accepted by Mr. Wallace, 
Darwin’s great compeer in the discovery of the fruit- 
ful principle of natural selection, and he brings forward 
many difficulties, and suggests alternative explanations 
in his recent work on ' Darwinism.’ 

It is of course quite impossible to discuss this 
most interesting and difficult subject in any adequate 
manner within the limits of the present work. This 
volume would, however, be incomplete without some 

' Darwinism, 1st edit. chap. x. pp. 268-300. Further allusions to 
Mr. Wallace’s views on the subject refer to this chapter of his work. 
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account of the subjects and furthermore there are 
certain recent observations which seem to me to yield 
strong support to Darwin’s theory. 


Insufficient evidence for existence of cesthetio preferences 

Mr. Wallace’s chief objection is the lack of evi- 
dence that the female has any esthetic preferences at 
all in the selection of her mate. When, however, ho 
admits that display of their decorative plumage by 
male birds is ‘ demonstrated,’ and that the females arc 
in all probability ‘pleased or excited by the display,’ 
he certainly admits the possession of an resthetic 
sense ; while the insufficient evidence that the final 
choice of the female is frequently determined by the 
gratification of this sense, may, I think, be chiefly due 
to want of patient or discriminating observationH upon 
wild animals in their natural conditions. 


Eeasons for the lack of evidence 

It is a very remarkable fact that the great impetus 
given to biological inquiry by the teachings of Darwin 
has chiefly manifested itself in the domain of Com- 
parative Anatomy, and especially in that of Embry- 
ology, rather than in questions which concern the 
living animal as a whole and its relations to the organic 
world. And yet these were the quostions in which 
Darwin himself was principally interested. 
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can only be settled by careful observation under the 
most natural conditions. This conclusion is rendered 
probable by the following considerations. 

The female of the Emperor Moth (Saficrnia carphii) 
is so eagerly sought by the males, that when a virgin 
female is taken into a favourable locality the collector 
is soon surrounded by troops of males which have 
been guided by a marvellously delicate sense of smell 
residing in their branching antennas. So delicate is 
the sense that the female is recognised perhaps miles 
away, and recognised as a virgin. Directly mating 
takes place the other males disappear. In this case 
selection chiefly, if not entirely, tends to improve the 
sense of smell in the males and the mode and rapidity 
of their flight. The mode of flight is probably im- 
portant in enabling the insect to cover as wide a 
volume of air as possible while it advances, and thus 
to stand a greater chance of crossing some thin 
stratum or current of air in which the odoriferous 
particles are contained. To such a selective process 
we must ascribe the wonderful antenme of thesu 
males and their peculiar and rapid flight- Bince, 
however, both males and females are very beautiful, 
the males possessing the brighter colours, this 
example seems at first sight to support Mr. Wallace's 
views. I shall endeavour to show that the facts art} 
capable of an opposite interpretation. I have here 
called attention to the habits of the species, becaitHe 
it is nearly allied to Bomhyx ci/nthia, and Iteoause the 
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keenness of the naales in pursuing the females is so 
well known and remarkable. 

In spite of this very exceptional keenness in the 
wild state, my friend Dr. Dixey found in two succes- 
sive years that it is by no means easy to pair them, 
when both males and females are bred in captivity. 
I have had exactly the same experience with the con- 
tinental Tau Emperor (A glia tau), although the 
wonderful antennae of the male show that the powers 
of this species are even more intense than those of our 
own Emperor Moth. If there is such a marvellous 
change in the disposition of these species, it is at least 
probable that similar changes occur in other species 
with more phlegmatic males. The difficulty with 
which the great majority of butterflies and moths can 
be induced to pair when bred in captivity (although 
captured females, already fertilised, will generally 
lay eggs), and the fact that an increased chance of 
success is afforded by imitating the natural conditions 
as far as possible, point in the same direction. 

The argument applies with even greater force to 
many of the higher animals. The effect of domestica- 
tion upon the brain of the domestic duck has been 
proved in the most striking manner by Sir James 
Crichton Browne.^ The comparison between twenty 

* The interesting facts and conclusions summarised on p. 290 were 
oontained in a paper read at the meeting of the British Association 
at Sheffield in 1879. The paper has never been pubhshed, but Sir 
James Crichton Browne has kindly allowed me to use the manu- 
script. 
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■wild and twenty domestic ducks showed that the brain 
of the former is, in proportion to the wt.'iglit of the 
body, nearly twice as heavy as tliat of the latter. 
The average weights were as follows 

nomoKtio <liick . . graiiiiiu- i 

Ifrain of „ 

Wild duck . . . n3rrHl3 

Brain of „ ... t)•43!l 

Brain weight to body weight iit i to 3<!S'31S in domnytiR duck 
„ „ „ 1 to 17!»'fir,y in wild dtit-k. 

Those results were coulirmed by the exauiiuation of 
over sixty individuals, in addition to the forty alluded 
to above. 

The effects of this degeneration are seen in the 
fact that the ‘ wild duck is, from first to last, a superior 
being, mentally considered, and exhilats an amount of 
intellectual and instinctive acuteness, and force mul 
independence of character, to which the barn-dewr 
variety can make no pretension.’ A carefid coni* 
parison of the habits and instincts of the typ** with 
those of the domestic race, shows that ‘altogether 
there is a mental sprightlinoss and momentum in tlie 
wild duck that have no counterparts in its doiiieslic 
congener.’ The domestic duck, ever since its first 
subjugation by man, ‘ for eighteen centuries, and not- 
withstanding occasional infusions of wild filootl, ha# 
been sinking into imbecility.’ 

These facts are alffl> true of many other domesti- 
cated animals, and they serve to indicate that Htouud 
Selection can only be tested fairly by the observation 
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of wild forms. This is even the case with the few 
races which have, perhaps, been raised by domestica- 
tion to a higher intellectual level; for the mental 
development which has been induced by artificial 
selection has reference to the requirements or fancies 
of man, rather than to the necessities of the species. 


The ^ Assembling ’ of male Moths 

In many species of moths the males ‘ assemble ' 
round the freshly emerged female, but no special 
advantage appears to attend an early arrival. The 
female sits apparently motionless while the little 
crowd of suitors buzz around her for several minutes. 
Suddenly, and, as far as one can see, without any sign 
from the female, one of the males pairs with her and 
all the others immediately disappear. 

In these cases the males do not fight or struggle 
in any way, and as one watches the ceremony .the 
wonder arises as to how the moment is determined, 
and why the pairing did not take place before. All 
the males are evidently most eager to pair, and yet 
when pairing takes place no opposition is offered by 
the other males to the successful suitor. Proximity 
does not decide the point, for long beforehand the 
males often alight close to the female and brush 
against her with fluttering wings. 

In watching this wonderful and complicated court- 
ship, one is driven to the conclusion that the female 
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mtist signify her intention in some way unknown to 
us, and that it is a point of honour with the males to 
abide by her decision. 

I have watched the process exactly as I have de- 
scribed it in a common northern Noctua, the Antler 
Moth {Charceas graminis), and I have seen the same 
thing among beetles. The fact is well known to ento- 
mologists, and, as far as the evidence goes, it supports 
Darwin’s theory. 

The females of certain Butterflies more beautiful than 
the males 

Another class of facts quoted by Darwin is barely 
alluded to by Wallace ; but I think that it will be of 
the utmost importance in deciding this question when 
further and more detailed observations are made. 

The females of many butterflies are more beautiful 
than the males, and then ‘ the plainer males closely 
resemble each other, showing that here the females 
have been modified ; whereas in those cases where the 
males are the more ornate, it is those which have 
been modified, the females remaining closely ahke.’ ^ 
Many examples are found among our British butter- 
flies, e.g. the Meadow Brown, the Clouded Yellow^ 
and the Whites. The females of such species support 
the males during the marriage flight, while the oppo- 
site is known to occur in many other butterflies. It 


^ Darwin loc. cit, 1874, p. 318. 
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is therefore probable that the females take the more 
active share in the wooing, and that the males have 
exercised their aesthetic preferences, and have thus 
caused their mates to be more beautiful than them- 
selves. These striking facts were brought before Mr. 
Darwin by Professor Meldola, who informs me that 
he has confirmed the facts by his own observation in 
the field. 

During the past summer (1889) I have seized every 
available opportunity of watching the wooing of our 
common white butterflies (Pieris hrassicce, P. rapce, 
and P. na'pi)^ and I can quite confirm Professor 
Meldola’s prediction. The females were far more 
ardent than the males, and when the courtship came 
to an abrupt termination, as it generally did, it was 
invariably due to the coyness of the males. These 
facts strongly support the opinion that the beauty of 
the females has been gradually produced by the pre- 
ferences of the males. ^ 


* S. B. J. Skertchly lias recently {Ann. mid Mag. Nat. Hist. Sept. 
1889, pp. 209 et seg.) described a case in which the rare female of 
Ornithoptera hrookeana eagerly and persistently courted a male, 
although males are more abundant and far more brilliantly coloured. 
Professor Moseley, on the other hand, describes the courtship of 
Ornithoptera poseidon in the following words : — ‘ I once . . . was 
lucky enough to find a flock of about a dozen males, fluttering round 
and mobbing a single female. They were then hovering slowly, 
quite close to the ground, and were easily caught. The female had 
thus a large body of gaudy admirers from which to make her choice.’ 
(A Naturalist on the ‘ ChalUng&r' p. 373.) The wide difference be- 
tween these two accounts of courtship in closely allied species, proves 
the importance of making mawy observations before we can hope to 


294 


THE COLOURS OF ANIMALS 


Disappearance of the beauty of males when the 
females become degenerate 

I will now return to the Emperor Moth, and 
attempt to show how its bright colours can he ex- 
plained by the theory of Sexual Selection. In its 
present condition the female is certainly passive, and 
probably always accepts the attention of the first male 
to arrive. The antennse, which are so wonderfully 
complex in the males, are simple and rudimentary in 
the female, and probably valueless as sense organs. 
We must therefore believe that the conditions which 
produced the bright colours and patterns are now at 
an end, and that their disappearance is only a question 
of time- And there is evidence for both these con- 
clusions. 

If we examine the female chrysalis, the antenna 
are seen to be large and well-formed, and altogether 
out of proportion to the slender thread-like organs 
which are formed within them. The antenna have 
dwindled in the moth, but so recently that the pupal 
organs within which they are formed have undergone 
but slight diminution, if any at all. This most inter- 
esting fact was brought before my notice by Professor 
Moseley. Here then we have the clearest evidence 

reach, a safe conclusion. Professor Moseley’s account is, however 
supported by a large number of observations upon other species, in 
which the relation between the sexes resembles that obtaining in 
OmitJicypUra, 
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tliiit titf! feiiiiile Emi'iuror was very cliffarenfc from the 
inert emiliire I Inive In the full poBBOB- 

Mion cif tier Blia cloubtlasB took tliat intelligent 

iriterijiii in eoiirtBliip which is to be expected of every 
|iro{ic?r!y laidcnved feinala. 

I liiivij iilso tniiinlained that under these circnim- 
Bliiiiees tliii colmira are likely to disappear. Bucli a 
eniiciiiBiciii ettit lie tested by e?camining other species 
ill which lliii degeiieriitioii of the female is more 
coiiijikti!, iiiiil has doubtless occnipieil a far longer 
liiiie. 

Ill iiiiotlier geriiiH of lioinhyceH ((h'ffffia)^ some of 
the fciiniJes (of 'whieli the ('ommon Vaponrer Moth is 
nil an? fur men! degenerate. They never 

Iriivt? till* corcioii, tint lay their eggs all over it ; their 
iiiiteiiiiiii iiiitl wings iirr^ rudimentary. Tlie male, on 
lilt* oilier liiiiicl, Hies iiclividy about and has enormously 
flevi4fi{ieil liiitetiiiie. Kuecc^ss in courtship is almost 
ririiiiiiily II iii«>re i|iiestion cd speed and keen scentd 
III lliis case lliii iiiiilf* is very plainly (coloured in 
viirioi'w pliiidrB of brinvii, hut he still retains a trace 
of ills viiiiislir^d liiiiuly in a white sjiot in thii cciiitre 
of riieli fwre whig. All eiLiiiiiiriiiiion of the pupa shows 
ti« lliiil liir feiniih^ oiiee |aisses«ecl larger wings and 
iiion* |»rfrct sense orgiiiis. 

lis iijiii iilliifd giatera the chiiiige lias pro- 

^ Mr, li li 1"a*ip’4P'r nli?* %m llml tlii« U imi glwiiyn llw ea««i; 
tui * h’uml*'’ III liH tl#«* ir«l whieli iirrif#*!. 

’Ih* is-twl r%|*# Willi ill#- niii|>rfor iVt?,* JitieiiiH to hitlicliUi 

lenl osidi fsii «%rr|»lw4ti m irtry 
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ceeded much farther in the same direction. Ii» 
most degenerate species the female is a mere - 
eggs, without limbs or sense organs; she doe^^ 
even leave the pupa-case, but thrusts out the 
her body that fertilisation may take place. In the p ^ * 
case of the most degenerate forms, no distinct tra^*’* • 
former organs can be made out, but in that of cc**"*^ 
closely allied species they can still be recogiii"* 
although in a very rudimentary condition ; in oi l* 
again, still more distinctly. In the extreme 
the degeneration of the female has proceeded 
as it is possible to go, and in all it must be excesBi'^ 
ancient. The males of nearly all Psychidce arc » ’ ! 
racterised by a uniform sombre colour of abrow ii 
grey tint ; all bright colours and all traces of pat 
are almost invariably absent. 

The successive degrees of degeneration and al t 
dant loss of colour by the males have been tracr 
species all of which belong to the Bombyces ; 1 

males are in all cases day-flying. The day-fl^^ i 
Bombyces, in which the females retain full posscH ^ i 
of their faculties, are remarkable for the bright 
and beauty of their colours, and this is true of spf # ^ 
which are probably without any special protect hist 
a disagreeable taste or smeU. 

The condition presented by the Psychidm was - 
gested to me by my friend Mr. W. White. I could i 
many details which seem to explain the cause fif f; 
degeneration, but this is unnecessary for the ijri 
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purpose. The comparison, which is, I believe, now 
made public for the first time, appears to yield a very 
strong support to the views of Mr. Darwin on this 
question. 

Sexual Selection tested by the courtship of Spiders 

Mr. Wallace quotes an opinion against Sexual 
Selection which is certainly of the greatest weight, 
that of our eminent authority on spiders, the Eev. 0. 
Pickard-Cambridge.^ I am therefore especially pleased 
to be able to refer to an American paper which has 
appeared in the present year (1889), describing the 
most careful observations upon the courtship of 
spiders.^ As the result of their investigations, especi- 
ally directed towards the solution of this very question 
of the existence of Sexual Selection, the authors come 
to a conclusion which is the opposite of that drawn 
by Mr. Pickard-Cambridge. 

The spiders of the family Atticlm, which were the 
subjects of investigation, appear to be very suitable for 
the purpose, because courtship does not appear to be 
checked or modified by confinement, as it is in so 
many Lepidoptera. The amount of labour spent in 
this admirable piece of work may be gathered from 

* Danoimsmj pp. 296-97. 

* Occasional Papers of the Natural History Society of Wis- 
consmy vol. i. 1889, Milwaukee. Observatiom on Sexual Selection 
in Spid&rs of the Family AtUdm, by George W. and Elizabeth G. 
Peokham. 
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the fact that the authors 'often wnrkeii fmtr i»r live 
hoixrs a day, for a week, in getting a fair id* n of the 
habits of a shigle kjh.tu-s.’ 

Tho courtshij) of Sniliii jnihr H|)]ii>ur}i to hv » 
most elaborate affair. A male wm plat * »l in a hex 
containing a mature female. ‘He tow lor a« flu- 
stood perfectly still, twelv** inelieH away ; Ihe gliinei- 
seemed to excite him am! he tnoved towaril her: 
when some four inehcB from her he ttlill, 

and then began tho most remiirkahle |»erf*ir!Ji!i«W'** 

that an imili. 

eraild fiff* r to an lolmir. 
ing feninle, Hhe eye*! 
him eiig* rly, ehtiiiging 
Ju r |Kwitioii from tim>. 
t't time Hti that he might 
he filwfiys in view. He, 
raising his win*!** l«Jy 
«ifi am side hy «tr«ighl- 
enitig out th»» legs, ami 
lowering it on the *ilh« r 
by folding the first two pairs of legs up and mnler, !* ans 
so far over as to Jxj m danger of losing Ins halaiien, 
which he only nmintHined hy sidling rapidly i**wiiri|« 
the lowered side. The fmlpns, tta*, on this «!«!•- sas 
turned hack to eorresitomi tf» the dinrtion »d th* 1- » 
nearest it (see fig. (}{}), He nnm d in a hf ini. ir* !* 
for about two inches, and then instantly »» v* rmul th* 
position of the legs and circled in the «(ppi(sil< »hi**’. 
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tirin, griicliiitlly ii|iprmielH!ig iic^arer aiul nearer to the 
feiiiiili** .Now hIii* c}hhIh»h tfnviircl« him, whiles ho, 
riii,^iiig liin lirHl pair of It^gn, exteiiclB them upward 
iiiifl f«.irwiird liH if to hold lier off, but withal alowly 
relreiilH. Agiiiri iiiid again ho oireloB from Hide to 
Huhs giirJiig ttnmrdH him in a nofter timocl, avi- 
rleiitlj iidtuiririg tin* gnieo of hia antic^B. Tliis Ib ro- 
iiiilll Wii fiiivci eoiiiited 111 eireloB made by the 
iirdf*iit little mule. Now Im approacdioB nearer and 
iieiiri^r, mid whiii iilincmt %vithin reaeh, wliirlH madly 
itiiil iiroiiiid her, Hhe Joining and whirling with 
liiiii ill II giildy imiKi*. Again he falln ba<^k and re- 
Hiiiinii Miiiieireiilar im.tiir»nH, with Iuh body tilted 
ovi'^r ; idle, all exeiieineiit, loworn hi:*r head a,ml .raises 
her body mi lliiii it in filiiiont vertical ; hoth draw 
nearer ; fitio iiiovoh nlowly itmler him, hit crawling 
ovr-r lier iiial tlie mating in lu^cmnipliBliecl. 

Aftr*r tliey tiiive paired once tin* prelimituiry court- 
sliiji in licit »i long,* Chi omj m'oiiHtori a temalci wan 
till* iiiciri? eiiMer of the two, but t!n« m avidoiitly 
very f'-iee|ff.ioniiL The feimd** id^vayn waichcen tlic 
,, it! till* luab^ iiitently, Imi oftmi refiiHOH bim 

J ill ihr* I'-iid, *■ fw'eii it tier fiftneirtg Indore for a long 

I litiie.* Hiieti oi^ervalionH Htroiigly laiiitt towarclB 

p file p%hU'Un^ of fi^tiiale j#rrfi*‘retiee liaaiMl on aiHtlartic 

p eoii^ideralioliH* 

: f« m^rmrum * tilt* fcttuileH Heeniecl to liiivci 

diiiriilly in ehwaiiiig from firncmg the tiiiilo«, biit 
I iiffrr II de’eifiifiii fiml la*#fi rt^aidied, iiiid ii nifile iirf»e|fteth 
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there appeared to !» complete agrceineJit.’ Iriun <.p. w»h 
watched for houi-H under natunil conditioiw as wi l! »h 
in confinement. ' A dfizeii or more iniileH ami alwuit 
half as many females were assembled together within 
the length of one of the rails. The miiles were 
rushing hither and thither, daneing itpprwiie imw mn- 
female and now another ; often twt> males met eaeh 
other, when a short passagi! of arms hdh.wed. They 
waved their first legs, sidled hark and forth, iiml 
then rushed together and elinehed, Imt qniekly « 
rated, neither being hurt, oidy t*. run off in senreh td 
fairer foes.’ 

The dangers of crmrtsliip were nls*) often witm^ssed . 
A male of Jfamiriim eontinued to advanee after 

the female had sliown signs of impatiejtrw, • when she 
seized him and seemed h) ladd him hy tin* In ad for n 
minute, he struggling. At last he freml himself and 
ran away. This Hnnn* inaUi after ii time emirted h« r 
successfully.’ The male of i^hidippu* r»/u* -Am efuiglsl 
and eaten when be instskd tijKjn showing off hi* fun 
points too persistently. The single female of idiohppuo 
morsitmn under observation ' was a savage »n»nsl» s . 
The two males that w« provldwl for In r had off. | . 4 
her only the merest eivilities, when sin* !» sped is|...u 
them and killed them.' The first (mir of leg* hi. b.K;; 
and covered with white hairs in the mab* ; • g si o. 
while one of the males was waving i!ie«o bun I .*jir 
legs over his head that he wits seir.< d by bis m;*!.* ami 
devoured.’ 
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When the males possess any special adornments 
they make a point of displaying them as fully as pos- 
sible. The male of Synageles picata (see fig. 53, page 
256) has the first pair of legs especially thickened : 
' these are flattened on the anterior surface, and are of 
a brightly iridescent steel-blue colour.’ As. he is ap- 
proaching the female he pauses ^ every few moments 
to rock from side to side, and to bend his brilliant legs 
so that she may look full at them ; ... he could not 



have chosen a better position than the one he took to 
make a display.’ In fact, his attitude appears to have 
first directed the attention of the authors to his pecu- 
liar beauty. The male of Dendryphmtes capitatus has 
a bronze-brown face, rendered conspicuous by snow- 
white bands, and, whether intentionally or not, he 
assumes an attitude which serves admirably to expose 
this feature to the attentive female. This, however, 
is by no means his only charm, and his ' antics are 
repeated for a very long time, often for hours, when at 
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last the female, either won by his liniiilv «r wmii tuil 
by his persistence, aeeejas iiin iiMrvhm':C fit the 

of Ililhnn-^rM^ 
fiun Mph^ndriid flit' 
ilbibiiiii^li uf II 

{iiir- 

jilisb red, iirifl lie 
itssiiiiies an lilli- 
llldr wliirii dis}ilii3^'S 
thiH beiiiily ve*rv 

efillljilfiely (ftee 
liM'. tell. 

The I'itM*' nf 

.istifi l ilkllti I M- 




jM i inlly iiitt 
Iwcanw tlirr*' {iij- 

tw«« Well siifirk**i 

Villi*'! i»‘« i»f jjiiili*, 
otii' ri'il Ih*. 

flUHJlll*, hihI U,« 

othiii* btfivli, «it}< 
thri'i* uf JiiMi' 
«*n f!t(- 

’)h< jttM 

itlli* r, ill'* 


Flfj, Hfhtht, ¥^. ni^r I 

1. r. r»^sf«nlr. itfmn 


tiifN «#iily f^ri fir ill 

the fnlly deve!o|K..il m.j. r form. Thi- laiifmi,.'. *,,1*1 
movements of coartsbip ero entirely flilh r. at h, ihfe 
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two viiricflif»« (eoinimn* figH. 35 aiKl 33) : * tlK3 niger 
fcirni, I’viiifiitlj II liitiT ilfiViilopmont, m much the more 
ImAy rif Hit* tw«i, iiiul wlicauvur the two variotitm were 
«rcii in l•oll1|lr!tl! for a fomiilo, this black one WfiB 
iiiecc»f4fiil/ It iiiiirtt Imi aflmifctocl tliat these facts 
iifhinl till! Mimagmi. ^npimrt to tho theory of Bexual 
Hiilfictioii. 

I tiiivc i|iiotec! milch from this important paper 
lii'*ciiii8c,, Its far mu I urn aware, it is the only attempt 
lo solve tliii fjiicmtion by the systematic observation of 
eniirtsliip in a single group of animals. Many other 
i'Mjiiiilly iiilcresling ami significant castm are also re- 
corfii!ii, mill lln? paper is profusely illuHtratial with 
represciitulioiis of the most characteristic attitudes. 
Am the result llu! whole hoily of ohmjrvationB the 
fiiilliors liri! of theripiiiion Unit * in ttie AUUlm we liave 
laiiiciiisiviHivifleiiee that the females pay close attention 
III ilii* Invi? iimmmoi iliti males, and also that they liave 
not nrily the flower, but the will, to e%e*rciHe a choicte 
Eiiiong the suitors for their favour/ llmriembffriug 
tluii lilts cfiiiciiisioii has only laien reached in the 
AUtd*e- iiv the cbmesi siudy, I think we may safely 
eipiiiiii lint siiiiilii'^r coiiiideiiee with whicll WO Clin 
Ilf other iii.iiiiiiils by tfie wiirifc of Miiikieritly 
careful aitii nysleiiifitlc iiiviwygation. 
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Display in courtship occurs in plainly coloured as well 
as in ornamental species 

In speaking of the display of dworaliv** pliiiiiiige, 
Mr. Wallace remaiks : ‘ It is very snggi-stivi' llmt situi- 
lar strange movements are performed by niiuiy birds 
which have no ornamental idiimngi! to tiispliiy.’ The 
same facts are probably true of nil groups of nnimiils 
in which the males of certain species are specially 
adorned. It was certainly tho caw* witii spiders, and 
the ‘ assemlding ’ of the males of tlie somlire Antler 
Moth has been already (hmeribed. 

Tho great beauty of many apja ariuuu's which are, 
nevertheless, of extreme im|M»rtnnce as Proteetin* 
Resemblances, is doubtlesH explicable in tl»‘ same 
manner. It is likely that nil visible purls of the 
organism, even those with a deliiiite physiological 
meaning, appeal to the sesthetic si iiwi of thi- o[»|HJHiie 
sex. The harsh contrasts ami gaudy eolotirsof warn, 
ing appearances, and the w>mbr»t tints which briitg 
perfect concealment, must alike imssess n meaning in 
courtship, but the tendency lownrds tlm devi!f*p 
ment of higher forms of lamuty is rigorously le pt 
in check by natural selection. Remove the cJh li or 
render it less exjicting, and the li ndt fjry nt om *- 
manifests itself (see pp. 
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S«oh facts point towards the existence of a wide-spread 
sesthetic sense in the higher animals 

All hhpIi fuctH taken together seem to rao to eiip- 
jMirt lh«‘ ojiin«)n that an lOHthetie sense exists in tho 
fi^inah’S of ail groups in whi(;h courtship is aceompanied 
h.v display of any kind, and that the males vie in 
gratifying this sense as far as poHsihle with whattivtu- 
endowments they may possesH. I helijjvt! that more 
exti'iidefl ohsurvations Iik»i those', upon Hpiders will 
prove that any variation of the nialo in the direction 
of greater adonumtnt will, if not disadvantageous to 
thit sjHcii'H, inereasi' the chances of huccchs in court- 
shi}». As sHch new points arise tlu; attitudes and 
tnoveiiients will he modified in ortler to show them off 
to tlie greatest ]H(rfection. 

Mr. Wallace, while admitting the display and the 
pleasure given hy it to the females, ermsiders that it 
l»y no means follows that sliglit differences <if shape!, 
pattern, or colour ^vould lead a female to pn!fer one 
mule tr» another, ‘ still less that all tho females of a 
sjscies. or »li> great majority of them, over a wide 
HO ,r of country, and for many successive generations, 
preh r esiwftly the sumo wmlitication of the colour or 
ornament,* 

If, how«'V«»r, we consider a hyi»othctical case in the 
light of Hsciilained facts, the prohahilities do not 
Hia iii to favour .Mr. Wallace’s opinion. Let us sup- 
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pose that the ancestor of Synageles picata only 
from this species in having the first pair of 
coloured like the others. The whole body of faets 
brought together by Gr. W. and E. G. Peclclit^^^i 
strongly support the opinion that any variation of tlio 
male with rather more brilliant first legs would l->e 
preferred by the great majority of females, and tli**'fc 
the character and its display would be impi'ovod 
during successive generations by their eontinuod 
preference. 

The courtship of the Argus Pheasant 

Mr. Wallace says that it was the case of tlio 
Argus Pheasant, ‘ as fully discussed by Mr. Darwin, 
which first shook my beUef in “ sexual” or more i')ro- 
perly “ female ” selection.’ * 

Since Darwin’s description and Wallace’s objection , 
Mr. Forbes has given us an account of the habi tw of 
this bird in its native country ; and the elaborate.; di K- 
play of the plumage by the males and the evident atten- 
tion of the females, render it at least probable that 
the latter have decided opinions as to the relative 
beauty of their suitors, and that their prefer€jiic'<'K 
have led to the gradual evolution of the wonderful 
markings, shaded so as to represent ‘ balls lying loosely 
within sockets.’ ® 

Mr. Forbes tells us that the bird makes ‘ a lar^fj 

^ Tropical Natwre, pp. 206-206, 

2 The Duke of Argyll in The Beign of Law, 1867, p. 20S. 
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circus, some ten to twelve feet in diameter, in the 
forest, which it clears of every leaf and twig and 
branch, till the ground is perfectly swept and gar- 
nished. On the margin of this circus there is invari- 
ably a projecting branch or high-arched root, at a 
few feet elevation above the ground, on which the 
female bird takes its place, while in the ring the male 
— the male birds alone possess great decoration — 
shows off all his magnificence for the gratification and 
pleasure of his consort, and to exalt himself in her 
eyes. When the male bird has been caught . . . the 
female invariably returns to the same circus with a 
new mate, even if two or three times in succession her 
lord should be caught.’ ^ 

Although the head of the male is completely 
shielded by the immense fan-like expansion which he 
unfurls before the female, he can judge of the impres- 
sion he is making by pushing his head between two of 
the feathers, or by peeping round the edge of the fan.^ 


The complete subordination of Sexual to Natural 
Selection 

Every one will admit that such a process as this has 
been rigorously checked by the far more important 
process of Natural Selection. But it does not there- 

* H. 0. Porbes, A Naturalist^ s Wcmdermgs m the Eastern Archi- 
pelago^ p. 131. 

2 Parwin, The Descent of MaUt 1874, p. 398, et seg. 
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fore follow, as Mr. Wallace argues, that ^ ttie 
female preference will be neutralised by Natur 
tion.’ It must be remembered that such pri 
can only decide between males which have 
successfully run the gauntlet of by far the 
dangers which beset the higher animals, the ds 
youth. Natural Selection has already prone 
satisfactory verdict upon the vast majority of 
which have reached maturity. The male w 
only just passed this test, and is nevertheless 
because of some superior attraction, will soon 
and will leave far less offspring than one - 
or perhaps inferior attractions, which is fitte 
for the natural term of its life. Furtherre 
offspring of the former will stand a greater c 
failure than those of the latter. Natural Sele« 
qualifying examination which must be pass* 
candidates for honours : Sexual Selection is an 
examination, in which many who have passed 
vious examination will be rejected. But the cc 
for qualifying are more rigid than in any 
system ; for the candidates who have barely c 
or have qualified by some piece of luck, or ha 
to keep up to the necessary standard in a: 
will in the end be excluded from the advantage 
honours they may have gained. 

Mr. Wallace states that ^ the action of 
Selection does not indeed disprove the < 
of female selection of ornament as ornaxn 
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it r« liiiiri’n it «jutir«:ly iiieffocttive.’ ThiK opinion e.iin 
hiudi.v !«« inaintHini d if wo boliovo that «uch pro- 
b rono* hiifls to llio faiiiiro, coinpamtivo or comploto, 
of tli.' pliiini r or !i-hh graceful males, although tho oyual 
in iitln r rospofttH of thoir more successful rivals. 
Efu-li of th«-!4f twf> prcMassHUH will chock tho other: 
i^alurul Bohjction will cnauro that the males which 
Hucmai because of their beauty are among tho iittest ; 
Hoxuai Helection will ensure that tho males which suc- 
eeed on account of their ‘ fitness ’ are among tho 
most hoautiful. 


When courtehip ii decided by wager of battde, Sexnal 
Selection is hardly o^ed into play 

When the males hiibitually fight for tho possession 
of the fewiiiles, luui successful courtship is determinod 
by victory, the results are, as Mr, Wallace points out, 
due to Natural Bcb ciion rather than Bexual Bolcction. 
ll is, I think, in favour of Mr. i birwin’s theory, that any 
reiimrkiible beauty of colour or pattern is generally 
«bw III wluTi tb»! pfisscHsioii of tin- feuiiilo is determined 
by wisger of bjittb ; while the Hpis’iai w«:ajK)ns of such 
wiirfare im* gun rally w iinting when any peculiar Iwauty 
exists ; there are, however, exctfpUoiis to this rule. Mr. 
Waibice |M<it)ts out that ' almost ail male animals fight 
logether, though not s|s;cially 
evidi lice U» show that courisl 
in this way. 


...I > t...i «i.. 
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Battlea between smlea are o^n qnite unimportant 

Referring again to the Hj)it!i*rH of f ht fsunily Anul./', 
we read, in the paper tjiiot«*il on j>. 207 , JluU 
tweonthoinahjHWiTei'Stn'nn lyioiunion in fh«- hn iding 
seuHon, hut nothing swriK il fo roiin- of Ih* n». «ml tiny 
appeared to IjoHUprcHK-iy iiniitiport!t!)t in d« !i ri(iini}ig 
the iHHue of otnirtHhip. Two niati x of Z »/<;<«/«»//« « 
bHUini, ‘that won- di^playing heforoon* fiiiiHlf, riiflnil 
Bftvagely upon oiwh other and fwnghl for tw« «iy-lwo 
minutOH, during one ronni! n-miiining i-hiudird for 
six minutt'H. . . . The cnnihataiitH jip|«?iir«’«l tiroil 
at the cloHfl of the battle, hnt after a abort r«*«t were 
perfectly well, and fought a miinher of tiinra unluw. 
qucntly.’ Eight <»r ten males of llm very qnarr»*lmmt* 
Dendrifjikinti'n mpihstim wire put in a Ihjx : ‘ iiftiT two 
weeks of hard fighting we were nmihle to di?>eov* r »*He 
wounded warrior,’ The weaker n«ilf'» are prohaldy 
often driven away, hnt the crneial p«)in! in eonrtship 
is to win th<s consent of the femnie, iisid this n-n-tm to 
have boon ohttiiiujd by Iho taetica already dem rihed. 

Mr. WaJlaco rcft*r» to the battles of bnlterliie^t, but 
such Htrugghm are neithor cotnnion enough mo fui.il 
enough to la* of great im|w»rtan«’e in eourtslnp. I hi» vi 
never scon any indieBtion of ti struggle hetw* .-n ‘ i4«H. ni. 
bling’ malm*, and the conrtship of hnUerllo s i« g« iu>- 
rally allowed to proceed nmnolesli-d in lie* pre*» t.r* 
of other males, althougli intr-rferenee hading to n 
mild kind of struggle m by no means unpommon. 
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The coloaredieplayed ia coartship are generally concealed 
at other times 

Thi^ n iiHi li'HH sway of Natural Bolection over all 
lln! rosiiltH *»f h'liinlo is well seen in the arrange- 
nn iits l»y vvhieh any conspicuous atlornmcnt is con- 
wiilwl until it is wanted. The brilliant legs of tho 
mall* .s’y/wj/t’/* s were tndy observed when they woro 
l«fing sjMsdally ilispluycd : the bright colours of tho 
upper sides of tin- wings of most butbsrflics are cou- 
crah d by tin* soinbrc and prolf:ctiv») tints of tho inubsr 
sides, ewfpt during flight and the short pansos hetwocn 
the flights : tin* bright under wings of many moths 
iiri! similarly concesded by thti upper wings, which iiar- 
uionisi with tins surr<»imc!ings, 

Hhe colouri diipkyed in conrtekip are specially developed 
and iipedaily contpienoue in species which are best 
adapted to their eonditions 

An iiiSi rj'Sliiig contrast is aft'ordod by sptsuoH which 
Hie so }(■■!' fn i t ly adajjicil to their conditions that frtto 
|4i»y i* given to H< *inid Hclcction: in these, tho coloura 
or appendages used in courtship mako up the chief 
part «if the male’s appcarimci*. Mr, Wallace iwints to 
the abundance of birds of paradise in New fluirioa, 
nod of p. afottls in India, as prewfs that these species 
i»n; » sjs cially well w|ttipiajd in the battle of life, and 
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lit? beliaven that Hc*t»pa Iiiih ihtiH harii i^itrii t«i llii miiHi 
which have proclucad tlii'^ 

argurnemt of cciiim* IhjIcIh nf/aiih if wr iirr r^^iti- 
pelletl to rajaci tha eiiiiHCH liy liiiii. A ^ 4 ill 

better exiiiiiple m atTorchil l^y Ilia Aiwtriilinii 
which *iire HooietiriieH itth.frisrt! with rnlniirf^ \ym14 
with thorn* of the gayant ]mm 4 n iiml rliiillari'r!^^ '^Ir* 
Wallner* cmplaio.H tluH flirt 11*^ 4 ii** to * tln*^ nilsri' lilwr-iir*- 
of moiikf^yH, cain, irriuis>, winHrl*^., rivrin, iinii oiln'r 
arhoreiil iiiamiimlH * ; wlisia ilia uxmm rcilmir of tlw;^ 
upper part may h«* «lui$ to the iirr«| nl f«rir«iiliiirnl 
from, birdn of }>rf;v. lo mmir mmll **1 lliii 

Faeilie, wlaire stirli forM 4 ura eery «‘iirri% liii' iiigrcar-^ 
may aBaiimo a rich yellow r«il«.air*^ \Vr. mp lli«^ mmip 
toriilerir'y in thom.i jimliifi^ouB mhirli liatit liltir 

to fiairi aiitl which are Hwift eiaaigli to nitcti llndr 
pray witlioiit attempt 11 1 roiiceiiJitiriiL 

Thi daapri of bright itittM o#l©iri.,.»f my fet 
by islrtmt wmlAmm 

111 ttittiiy mmm tht diiipr Immml liy the iiilmio 
mint of seiiial cciliitiri may lui liakiiwl by the #|p^riiil 
devcloprrieiit of aoiim fjtiiility »iirh m mttmm* wnriiir^t*, 
I wiii eery much Btriifk by ttiw uppo^itr ^4 

colouring ailiibite-cl by Ihi* fmfi whadi %\H'r rxitru^h 
ahuBckiit at low water in ilm tmk pmh iii 
Tiiieriffii. Tlia cobiira of rnmn wen* i \tr«-ii4i ly h mti^ 
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fal and briglit, but tiiuho wt'KJ alwayti wvy aliy and 
dittkult to catfli ; oUnrH won* jtrott'ctively coloured 
and fsactl.v rimemldod the mind, rock, or «<*a-Wf)od, and 
thi Hf whi n ik tw’tial vvori* oaHily captured. ProfesBor 
W, A. Hi rdiiiiiii <»f LivcriMKji luiH also olmervod the 
wiwu* facta ill other groitpa of nmrino animals. 
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OilArTKIi XYt 

OTHEH THEOlilliS OE HHXEAl. f'dJ.nl'IilS*! 

It now romainH to cioiiHidw th« raUHrK wliich Mr. 
Wallace and other writiirH helieve to have b* JiiSlUieHt 
in producing w^xual raloiiring. 

A wide extensioft of the principle of Eecognitioa Mark* 
inga is helieved largely to explain aexaal coloariag 

In the lirHt phuat, thia diHtinguwhecl untiinilbl 
very widely oxtenda tho principle of Heeognitt«»ii Mark- 
ings, and believes that one of th« chief nnsitiiiigH of 
sexual colouring is to onabhj ‘ the seses t«» reeogni**** 
their kind, and thus avoid the evils of infertile croem s,' 
Thus he considers that ‘ among insects the prineiple 
of distinctive cohiuration for recognition hnw prol*»l4y 
been at work in the production of the woutlerfu! divci * 
sity of colour and marking we find evcrywlu rc, !o*<r« 
especially among the hiitterllies «n«l moths ; and hm* 
its chief function may have been to Hccure tin* puiring 
together of individuals of the same sjas^ies.' 


OTHEB theories OE sexual COLOURING!* 315 


Eecognition between the sexes appears to be complete, 
and infertile crossing does not occur even when 
two species closely resemble each other 

To this it may be replied that pairing between the 
individuals of distinct species is extremely rare, and 
does not seem to be any commoner among species in 
which this means of recognition would lead to failure. 
If the resemblance between the white variety of the 
female Clouded Yellow (Colias edusa, var. kelice) and 
the female Pale Clouded Yellow (Colias hyale) does not 
lead to infertile pairing ; if the practical identity of 
the Sallow and Poplar Kittens (Cerurafurcula and C- 
bijlda), of the Swallow Prominent and Lesser Swallow 
Prominent (Leiocampa dictcea L. dictmoides) ^ of 
the Common and Dark Dagger Moths (Acronycta psi 
and A. tridens), does not lead to dangers of the kind, 
we must conclude that wide differences of colour and 
pattern cannot have been produced by a gradually 
lessening number of infertile crosses. 

In the case of mimetic species, it is a comparatively 
common thing for the female of one species to be 
chased by the male of another, and yet, in spite of a 
wonderful superficial resemblance between the females, 
it is very improbable that the courtship proceeds 
beyond its most preliminary stages. The same is true 
of the Clouded Yellows referred to above, and of 
Clouded Yellows and Common Whites. These, and 
many other examples of the kind show that this means 
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of sexual recognition may, and frequently does, fail 
without injury to the species. 

One of the most fundamental instincts provides 
for an unfailing recognition between the sexes, in 
which certainty is ensured by the unanimous witness 
of all the senses, so that even the closest resemblance 
between distinct species does not appear to produce 
any evils of the kind suggested by Mr. Wallace. 


The necessity for Eecognition can never explain the 
sesthetic value of the results produced 

It may also be urged that the beauty of the colours 
and patterns displayed in courtship can never be 
explained by this principle. For the purposes of recog- 
nition, beauty is entirely superfluous and indeed un- 
desirable ; strongly marked and conspicuous differences 
are alone necessary. But these, which are so well 
marked in Warning Colours, are not by any means 
characteristic of those displayed in courtship. 

If an artist, entirely ignorant of natural history, 
were asked to arrange all the brightly coloured butter- 
flies and moths in England in two divisions, the one 
containing all the beautiful patterns and combinations 
of colour, the other including the staring, strongly 
contrasted colours, and crude patterns, we should find 
that the latter would contain, with hardly an exception, 
the species in which independent evidence has shown, 
or is likely to show, the existence of some unpleasant 
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quality. The former division would contain the 
colours displayed in courtship and when the insect is 
on the alert, concealed at other times. 

The immense difference between the two divisions, 
the one most pleasing, the other highly repugnant to 
our aesthetic susceptibilities, seems to me to be entirely 
unexplained if we assume that the colours of both are 
intended for the purposes of recognition. But these 
great differences are to be expected if we accept Mr. 
Darwin’s views ; for the colours and patterns of the 
latter division appeal to a vertebrate enemy’s sense of 
what is conspicuous, while those of the former appeal 
to an insect’s sense of what is beautiful It is, of 
course, highly remarkable that our own aesthetic sense 
should so closely correspond with that of an insect. 
I believe, however, that it is possible to account for 
this wonderful unanimity in taste. 


Our standards of beauty have been largely created for us 
by insects 

Our standards of beauty are largely derived from 
the contemplation of the numerous examples around 
us, which, strange as it may seem, have been created 
by the aesthetic preferences of the insect world. One 
of the most fruitful inquiries originated by Darwin 
has been the renewed investigation of the marvellous 
relation between insects and flowers, a subject which 
had been previously attacked by Sprengel in 1793. 
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Parwin’B work liiiH l»!en cxtendof! l»y iui<i 

especially by Hermann Miiller. Ah th« rchuU of lla w 
inveatigationn it in now well known that tin* fortiliHii- 
tion of flowers has l)e(>u largely carried tni by inf<« i t 
agency, ami that insect prefereuci s hn%e ileeiiiwi as 
to the eolonrs ami {xitti-rns which prevail aiiioiig the 
wild flowers of any country.’ This is imw gi nenilly 
admitted, and as Mr, Wallace himself points out, ‘we 
have abundant evidence that wlu never insect ngemy 
becomes comparatively inelTeciivi , the colours of the 
flowers become less bright, tbrir size wnd beauty 
diniinisli, till they are redueed to sin h small, gn eiiish, 
inconspicuous lIowerK as those of the ruplnre-wort 
(Jlerniaria filtihni ) ’ 

But if this conelusiun Ih; accepted, if the Iwanty 
of flowers has followed so eojnjdetely from insect 
selection, are vve not eonipelled to admit that ins* cts 
possess an lestlu tie sense a sense which could dis* 
criminate between the slightly difbirent attnniions 
displayed by suitors, just as we all admit that it lias 
discriminated laitween Uie slightly different attractions 
displayed by flowers ? 


* Cciriiiill Thf VwrtUmutwm »/ hf llrfriiiuti 

English ivmmMkm hy trAmy W. Uniuh 

WiU FimirM m mkikm Imfcis, by Hk Jukn iMSm-'h i 
Siirlii* 

Lm. dt p, m% 
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The ffittiic&l value of the long of bird* cMuiotbe explained 
a* a mean* of Becogpctition between, the sexes 

Hiiiiiinr olijirtioiiH iiuiy b« urged against Mr. 
Wiilliu’t 's eonti'iitinn I hat the songs of birds are to 
bo i sjilniiim! as a menus of rocogriitioii, and that their 
• priKliitlitui, intiiwitieation, and dilTeretitiation are 
rharly witliiii the power of natural seleetion.’ Ilcscog- 
iiitimi between the sexes, and invitation from the male 
to the feiiuile, are most important lienelitH conferred 
by snug, but these cun never account for the inarvid- 
Ions degree of elaboniti<in, and the high musical value 
r*f tin- rcsnlls iiHnim d l*y many of our singing birds. 
The beiuity etf song is something more than its * (dear- 
in ss. loudness, and individuality,' just as the imauty 
of apiH'iirance is something more than its (ionspicuoiis- 
ness ; and tins fact that tliese tw(» forms of beauty are 
eompb tiieiilftry, so that tin! brightest birds do not sing, 
%vhilc w»i!g birds are sober in appeuranee, is (juite 
ronsistent with tin! origin of Ihesi* qualities by the 
iircMionlaied resiilts of female pr(‘ferenc«!. We know 
that tin i xcessive eiiUivution of one taste is inconsis- 
feiii v ish tin equal ciiltiviilion of others, and when 
the small brain of a bird is constantly directed to 
iippn riatifig tin* l«*nnty of song, it may well liecome 
eoni}*arntively indifferent to karuty of pttrson. lie- 
sids s, till* tjwulities conferred by this mtsuis are always 
iijfirc »i b-HS of a danger to the s|>ecies, and an esjieci- 
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ally high development in one direction will tend to 
prevent any great development in other directions. 


The habits of Bower-birds as evidence for the existence 
of an eesthetic sense 

The habits of the Australian Bower-birds are fur- 
ther evidence for the existence of a strongly marked 
aesthetic sense in birds. Just as certain females are 
gratified by the display of personal adornment on the 
part of their suitors, others are pleased by the display 
and arrangement of beautiful or curious objects col-- 
lected in the bowers. The latter are built on the 
ground and are intended for courtship alone, the 
nests being formed in trees. They are often very 
elaborate structures, and each species decorates its 
bower in a different manner. The Satin Bower-bird 
collects brightly coloured feathers, bleached bones, 
and shells : ^ these objects are continually rearranged, 
and carried about by the birds whilst at play.’ The 
Spotted Bower-bird lines its bower with tall grasses, 
kept in place by round stones which are brought from 
great distances, together with shells. The Regent 
bird makes use of bleached shells, blue, red, and 
black berries, fresh leaves, and pink shoots ; ‘ the 
whole showing a decided taste for the beautiful.’ ^ 

I have mentioned these well-known but most inte- 
resting facts, which were considered by Darwin as 

^ The facts are quoted by Darwin from Gould and Eamsay, 
Descent of Mem, pp. 413, 414. 
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*l!ii’ lif’Hl C!vifl«it!i* . . . f»f a tuHti* ftir the* lH*auiirul/ 
lirfiiiiBi* id lilt* cH'irttiniiiiiititi wliidi lian 1 h‘c*u aflonU'ul 
hy mnnv iiairv ma-iii filmiaTiitianH ii|a)ii a Xanv Cluiru'ii. 

Ikim'ti'-liifiL 

All till* ii%Htlif-iic* tiinto of lliiH l>inl apjiciarg to ha 
mnvmiimUid on ilio lirnvfr iiiai iin HiimmticliHga, for 
tJio liirc! iyrlf i.fi, m iu iiaiiii? iAmhliformn inorntda) 
vvry |iliii,iily aohain^d. It in <*alk*.(l tlii! 
llowii’-liinl* i»oriiuBf* of sin ramarkahlo 
initl iiH iiiitivi! iiiiiiio iil-HormiiOH Hla* ^anhtroir/ 
Tlio liriivia* nii«l iidjiioont * Hiaitll loiiolow oHiiinolhal 
witli flowrrB ’ Wfiro nvm by tho Italian Iravollfi:, Dr. 
liiaTiirid oil 'Moiiiit Arfiili,in Now Clinnoa. Ha ntiitm 
tJifit Ilia Amhiyamm a flat Hiirfaaf* at Hia hana 

of it ii.|4'niiiHt whadi, m ii oaiilrnl |iilliy% it 

liiiilik II ft^ry rogiiJiir taiiiiral Imt, with an ojamino af; 
fiiiff |t«iriL Till! little wliiali m tuatrly iliroi* foot in 
tlimiiplor lit tlio I'lam^ m fi.>rnio4 of tlm twign of an 
nraliitl* 'wliioli, hoiiig fill «'{ii{ihyt«f, hiitra fragli loavon 
for II vary k'liig tiiiiOi iintl groatly iii14h to llio Iwanty of 
tlir hfim'rr, Witliiii llio iiiil ii Hiiial! aoni* f»f iiiohh, iihoiil 
tlir mtv iff iiiimh in laiijH'cI roiyal ilio Iiiihi! of 

fill' !rtt% * ilrfor*" llir^ ilniro m ii immclow of 

Tliii^ h hroiiglil in |}|i* i4|Mit iiml kcijit frrtn 
from urmn, ulninfii, nr niiytliirig whiali woiilil ofTma! 

kn lihAUm't V4I tH\ llrrrfifi% in 1 hf ftnf- 

f willi ft, lignrr< *»f lli*-' Ii«nv*'r O'- 

|4NMii‘ri4 Ifirfii II liiipii* nil tlii> Tlii'i iiiriirln i|nj!i|r*i 

III t'-f L, I'MfitiiilHi il 

^<'4s-uH I iifwiit llw ttl|siv»T^«H'niiniir4 |i|.nirn. 




th« .y- ri/i'” 

s: ;r 

VDUii.l ih>‘ 

i .nm; AUU.U. U- .,1 

l)rigH«y coluiui-a-- • ; 

Uamttltt, 'Jj. ^ j,.,„U.l »»^V } <1.-. WHHM< 

tv„, ‘ beautiful r‘>Hy ^ 

M..1 tlf vnr.^ UM-vol !<* 

‘ Ah ‘ , , ■ ,„,t Uiiuwii «U< ilitv ill' 

fomali' aHsihts tin a 
iabcli.-VHUuliH'l^''"*" 

, „^,.u. .ttTiriiH-il i1h‘’ ' '1'^"' 

I aiink it ''^ 

natbn ol vah..-, »*«■ ’•*' 

uevi;r iicKoimt i«>> . ^ ,.|,,i,:,. a t’ 

f'»»"‘'"'‘^::T;:i.v..».<.'’“- 


, ., .w Mini edonrin* !• •!» '" “ ‘"'I'"' 


of vitality or i« 
itnictareii 

Mr. WailiuH- alw* l»*l»'-v' » Ui-'‘t . 

Jli,,,! 111.. ..■■»». - .' 
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If ji|iiriifli:i» 3 ’H iliii’ fu a. <jf vitality, atral iniiy Ih* 

riiiiiiriif'il willi lilt- viviirity and (if tla* 

ill ihi’ Hf-aHon. nbo iiccnjitH Mr. 

Alfrs’d, thi-ury iliai and |>iitti*riiH iiro 

!irVi lH|trii in rrliifii»ii lu iiiidrrlyiiig firgmiH mid Htrite- 
fjiri'H. It ih fti dim’UHH twn vii‘WH 

fur tiny liavr iiimdi in 

Mr, Tyl<ir itrnii»'d tliui th*- rntidifiniiinii of jiattnrn 
ill till? iif tin* laidy af aitrli an iminial 

iiH tJir '/jdim, rrinli-'d to tin* rhan* 40 H in tho varioiw 
jiiirl'H of tiff* fikololoii wfiioli an* ('onroalcnl honfath tins 
; liotn-rii iMdiovaii that Ihi* ldii«‘k laiirkH on tho 
litfiwb of iV(%, iiro rtliiind to tlm (diinf oonvolii* 

tioiifi on ilir* Hiirfitro lif tlio liritin lioiioatfn 

tt |wif*^^ildi! to oiidoratmid wliy Ifio |iiittorii 

nlrotiid in llir* (liffri'imt rrj^ioiiM of Iho iiiiiiriid 

Iwitly, liriiiirHo lif tin* |.paail«*r jirol.n<4-tvt.* valiioor liiglmr 
rlTi^rt of niitdi ntt ho thiii if 

Hfdortioii Im iiravjilod Mr. 1ylor*a tlictriry bn» 
Fiirt!i«OTiiori% ii iHdiflandi to ma? 
',iliy '-lirli itii ifiorl* iililoiiifdi Htriiotiiro iih 

lilt %!,, I* |,,|| .laitild iHi orr-ally iiffoai iliv muiciiriiiicai of 
an ajiiitiaL Why alioiild ia»l tills livor, witJl il« Viliifc 
H.ojj|tly and oiaiiifold fiiiirliotW, jirodtioo sofiio 
I'd flu- rib idw trd lo la? ivroii^til liy olio of llio 
in tip? Ipwly 2 Or if IIk* 

;ui4 \%hirk follow tip; akokdoii am Htijijioaifd tci 

Ir* iltr III * aiNo, ntllior llio liorioi llioin- 

, ii ftoi*.! Ii* |ioitil<M spit llnil llio i4trii«dirro of 
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such nerve- and muHclo-lUn'cm, to}'f lh(*r with ihi- ini- 
pukes whicli pass along tho one and l!!r fniitrartifiiig 
which arc cvolcwl in the other, arc • sbc ntiiillv similar 
throughout. 

The colours of underlying structures may be made 
use of in many cases 

It is perfectly true that the colours of imiU rlyiiig 
structurcH may i>c nmde use of for ornaim Mini or pro- 
tective purjKiHCH. The red colour of our Mood is 
UHclcHH as colour in moat parts of the l««iy, hut the 
transparency of the skin has is rniiltefl it to Is* iiiaife 
use of in the ncqiUHition of ‘ coni|desioit ‘ ; and 1 
believe that I am not wrtuig itt sujijsisiiig Unit wo are 
still true to tlu* preference which has douhtless ♦ n- 
coiiraged the growth of this attraction. 

Tlio same thing is true of nnuiy inserts in whieh 
the white colour of fat, the green colour of the hhwid, or 
oven of the food lying in the aliniesitary canal, nuiy is* 
employed in the production of a |irokctivi* njt|«;ariinc«* 
(sec p. 8S}, also pp. 71), HO). Natural Ki*l»*ctioM has n n- 
dored theso rcaily-niatli* colours nvailahfi? hy making 
the Buporficial parts transparent, and in many « uhi « 
such stint have his n dee))eiu*d or outlines str* ngtln ned 
hy the appearance of true pigment in the skin. Hut 
these admitted facts do not Hiqusirt tin theory Unit then* 
is any necAissary relntionship k tween superfieiul pig- 
ment and the organs or structures whieh he M ni aih. 
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The objection to Mr. Wallace's explanation of the 
immense tufts on Birds of Paradise 

Jir. Wallsin , hfnv»‘V« r, up tfiin idea, and 

H that ‘ thi! iiiinn iiw; titft of gohUai pliutiagt! hi 
llir Im cI fcjitnva WhIh t>{ jmriuliHn ’ ih rilahtd to tho 
|inisiiniSy <»r ill*' unwl jtt»wt‘rf>il miwch! in tho Ijody 
Ulx’ j« *»f «'» itiiiii inrgtt hlood-vcuHolH and 

i(rrvi *», fHi«l of r«!i’tain jiurtu of tho Hkoh'lttn, Tint 
(•ontrii« ii«*ni< id tin- muhih^ nirun of foiim! a gnat 
I xjw liililuro of liji igy, hnt thii jnom ut Hlato of phy- 
hioiogy if nda no Hiipport to tin,' opinion that hucIi 
* x|H ndilHr«* couhl nilord any t splaiiation of tho Hixo and 
aju I'iiil j«ri‘uliurtlio« of an apjwiiidagc! prodncod hy an 
adjiw-ont wtrfaco, Tho iiorvoiw and arioria .1 trunka 
imply that m rvotw oiiorgy and food matorial aro 
hi'iiiK wmvoyi'd in largo ijuantitioH to tho localitioa 
wla-fo tho nofvi'H aful artoriim an; finally distrilmtod ; 
hilt thoir Mi/.i? and importunco aa thoy paea honoath 
111*- ha***' i*f th** tuft oiiii liavo no ndatioii Uitho growth 
and Hppj-Ht’Hii* *' **f tholatt« r. Tho travidling faoilitiea 
lunl «*f «'>tjiiiiiunioation in iniy village dopend 

np*.ii th*' l»M (d arii»ng*sin«>ni» «»f its railway atatkm and 
trlograph ofli«' ; not iiiam tho nmidair of oxpross- 
traim* «»id ti'h'gnuna which nwh through it on thoir 
way h* a 'UHtaiil town. 
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The stipposecl eatisoi of eolonriag raffCitol lif Wfilliii^.e 
and Tylor baar no true relation to Ibi cffccti 

Hilt CVtil f'rmti'r ;i,r* rUroillitrrr-il hv 

tllOHi* wlin Mr, Wiillsirr’''^ Hli'*! ^11% 

Up’Oll tha Hulijrct, If r-M|nUi> Hllrl jilltf* iliH ill- 

Vfiriiilily l»y liiiplN t*f i’KthmriiH* liiiittn r 

i^r pigimiit, it iiiiglit ii«d. appMir !«' vi-ry 
iliiit ilii* liinfi of pigiiH'iil, nml ih^rrfur*' tli*' Liitii <4 
c'ciloiir, uiiglii hv hliglitly \imr4 n rt K-nli «4 ih* 
h\ wrifi-r.H ; liiil <i«ii lli* ii 

tlu*ri‘ wouh! not hr uiiv for llii^ a^fOii;ii|ilii:iii 

tliat t!io piginontH wliirli proihir*^ th*^ hriglil* 4. rc4«itir^4 
arc iicr.i'HHirrily io<»rr ililtinili of * lliaii iJo 

oihiA'H, <n* itiori* li1i«4y to hr fortTir4 hy aii 
with HiirpliiH vitality *»r ujuai iliai poiiiou «4 i!ir an- 
hriiralii which iln.* tiiriHi fniiriimi’.* nrr* 

A cliaiigr of rliniiinil rminioriijini mill 
inmrly iilwiiVH inriiii tlo* nlwiirptioii fliflrrnil myn nl 
liglit iiiid tIiort.tfori.i m iliiliiia'ii rolmir ; hiit Ihr ^|iialily 

of the latter, m by oiir iwllirtii* wiil 

haar nci iMjeesHiiry reliitioii In tlie wtriiiii fint iijtfiii lli« 
orgaiii«iii ill protlueiiig ilia iiigniriih 

Wlioii, linwi‘V«i% wr rriiicinlirr lliiit ii I'rry |.ii.rrti! 
proportion Ilf tin? roicuirs iiiiii *ff 

aifi lira only piirtiiilly <la{Manliiit tipoii iiigiiimi, l}i«^ 
tlitlcitltioH lHa?otiia iiwiipernhle. Lot iifi lirjii riiiiHiflrr 
tkoemoof wliih?, whkli forii,w nii iniiwaliiiii iml in 
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lh»' Itjilfn’ii nf '-‘U iiiaii\ !ar4.^ and Hh* 

liif mC a liair rir iValia-r i-^ jtiHl a.H (ha 

vJ4t*ia >‘f i'laiw iH {irotliirai!, Iiv thi* (if ga.H 

I iiiiiii:4« <1 ill fill' iiif.Hliia'i ilii! Willi jiiaiiait 

*4 lliMir HiilMiiiiirr pji. *1 Ci). Wi* t'litinnt 
tlvdl lilt* Hiirjiliij^ viinlily whiali in hi4kjVi*il Iti 
III- rfiiriiait. ill jiriMliirity^^ ur%v nr t-Hjirt'iiilly bright 
riiliiiiriiig r mi jairt. will mh iriKiiliar jiirrt Im 
ia|iyillr ill it ^ a.iul in I'UiiHing tiu? 

miiiHliiiii i*»ii Ilf bnbbif?^ of vhh, 

llii! I-, iiul, thr- Miily ilillimiliy ; tin* imwi 

iiwMitifol 1*1 llii robair^ ill nainn*, tin' iriilt'Hci’iii lintH 
i»i imiiiy Jtiiiiiiiilrs iml >hir tn jiigiiii’ni at nil, but 
fri’^jiiriilly In iiitriiVi’riirr «if liglit, tlin cmilHu whirli 

pm4ip"* r> lllr «if II MOJljnllllllblu iH* lllllt q! 

iii’iUln-r-nC^ jw uri j*]i. I* I ill, 

Tin' I'fibiiirn nf iniiiriitlH lirti Hiiiiilarly 

i<i iiiir i#ii tJin niirfiH’** nf nlri,U‘iurfm» nr innrn 
irr-*l'iirnl|y In lliiii «if iiir lU’ nrca- 

i.i'friialif nf hniwwii liiyar^ uf ibiiHnr 

11i«- VHf^iuu tilitn riri^ rintawfby r*\i‘i'Hf4vnly 
iiiiinii* ilillrri'iirrJv. ill tin- mi4ib thr in wlibli 

III*' iiir iH' fail il vnailii lu- a vnrj riwii 

h%p^4h* i-' vJiirli lliii.1 ;t niirpltlli ilf Vlllllilj 

ill#' mnilli fif lbimnrliiiik« tci lint |ircifliic4iciii 

III lllllt i*i tliui Tlirrn m iibMnliiit4y iici 

^ lll»# IS « I*-* » #a P^hi'U- |»al»:i4 H|»|t»>*4ri> W tilitrillillli, lll(< 

I .’^'^14^ »■. t»y lljr- 

!rH .1* I'ii- III |i4*» *4 »li4i‘fe littirr* pn* 

|j| 5 , 11 
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for l>oli«*V!ii^^ tliiii a mdih wliirli jiiHl iirrvmlH liir 
ai^poaniiioo of ctibiir m tm nf nf 

vitality. 

We imint iiIho romciiilior tlial llir-Hf 
tiiitH oeeiir iii ooioliinalioo with oHloiirK jiriittiirrii iii 
oilior wajH, If wi* tako a. ijyt»ot}ii4i**nI vtm% llir 
ina(l(‘quaey of ‘ HurpliiH vitality* iin mi 
iKH'carieH at (au*f appariiil. 

Let UH HUppom- lliat a mal** kir*! lir^rumr-H iimre 
beautiful in appearance, lual thiil iln- 
in the addition of wliitr featliert^* of iii-w linN or 
Hhade« in the ecdciurH ilue to pi||iiirtit«, iiinl «4 iIiom'" 
due to iiiterfiU’eneed We iiiuhI tlai'efore llinl 

a * BurpluH of vitality * fimiurB the of 

pigment and the mibHtilutioii of liiiliti|f."B «tf giM* in 
one partp altliougli albinism iifTnrdM rfillie'r Htmiig 
evidence that Hindi a in eerliiinly ii«l iiii iiidim- 
ticm of strength : \w iiiubI iliiil llir' miiie' 

eauBCi favours nliglit cdiatigt?H iii llie riieriiiriil e«ti* 
Btitiitioii of pigiiieritH, in other piirtiip iiivolviiig llir^ 
exec38iiively liiilikoly liypotlieHia tliiil tlie amtlielle 
value of the reiultw m ii iiieiiatire iif llie ilillinilty 
involved in their |iro<liiotbfi : iiricl wt^ llitiilly 

HtippoHe that, elnewliere, thn riiiiiie In ellirifiil 

in acljiiBtiiig with tiiatheiniilbiil preeiHioii flie iiidfli 
of HpiieeH in the tiaHiie, althmigli it m mdidli ine 
prolmlile that the iniinite fliffiiretiei*#f wdiirh riirroi*|ioiiti 

* Afliiiilliftg, fur lliii lit arMtiiiirtit, lltiii lliF* <'11^4 

ill Wrtk, Hi i| c«rlttiiily m ht immU, 
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til till* iiriMtiiiiinii nr rliiiiiEn of rcjliiur Ihiit Hudi a 
riyiiititiii in til*' vital in their ch*vt.‘loje 

liiiiil, tlinl Wf' i*an jialge of the aiiiouiit o( tin; 
I'Vjieipliliiri" !»y tlio tli-gmr of iKhiiiratkai oxeifcocl in 


Thi tfftcli are ©iily iEpIkabte by a theory of 
»aleeli¥© breadiag 

Wr^' ftrr iiIho re<|tiirrrl to l«‘!iov«' tliat IhoHe lieha’(H 
ihiiiiiiiH art* roiiil»iiii'«l l»y tin* natne iiieaMH 

iiil«i III! Hiai liiiriiKJiiioiiH wlictl*-, A 

of iti'lf'etivr l*rrr'itiii|E likr fliiit of K«‘li:*rti<oi, 

• A vasiir lA'rarxrt-k iallN’' nhawri lo m«t by Mr. 

I', I';,, THMliisiia, Hpprm‘> al l«» »air|ii»rl Mr. Wafbiot’n viinv« ; 

ihr ' ' «:r*e#?ifr^ mi4 * ' oibmrii Mtt iillkt? abatail 

f.r» Ilf, *■ mmmmihm r*'V»-»l4 lb»’ fiiitt tliiit rriiioaa itt 

wbiifb ' i.ins^ Oifiir timulh- fi|i|»(ciif nr»’ ri'wtily rf’Oigiii«Ebif‘» 

liir 'Hb.li* *|***»bi>% Tb«* * i'*yin ' «»»! Iln! Iriibb for 

* , nf r I, rail ilk*? lts«l |i|lU**rii Wt II wbtllJ 

4%I4##-'.|4 Oi 14«' rb4b, 

|ii iuh^tm i»«“ llifii llip I’fiirit’ fiii'l U Irtt*’ of wliilit iltic*k?i 

;a«4 lb«- » 4 iiM mlm’k bbio in tioriwilly |»ig»inito4 

rabibilOH? it p^'*-nUm or iclosm, tiillortiia fiom till! 

a ;•,! » I ihr phmm^*’ , lb Ibftl Ibo 34ril«’luri4t oiloiirfi 

#|..v-<ja, h-r<,%n-%i- III*' ? *4 rt briirttlil tlio IIW|lor- 

r r-i ut ir.-. tfi Jsiiow Ihnii Iff! ; fiiiii Iw |ifiiiilrt tiill 

|b#| lii«’ »4 I4ir4i nurh J-sOilratim! mltitiri ItlMIlril well 

4,« b4 1 If ^hi¥ •* * ffria *ir|i«'iii4# ki |Mi 

Ml lb*b,|i nu4 I basna Ibal of III# wliilii ilo 

irjA I#i Wiy wf tll« UfililMrti of llli 

i;|»ri loMiit rnhm rtaiiaiP^I hy iipiiwwliroiiintk liglil, 

Ih M4ti* b n<f Um» iIp' baiii ftii«l «inlrili«lbii of all »lrwfitiriit 

10*0 ftlbiioi Miknal it lliiil Ibo |#liyk«ai i:iiiia! at 

I® iwl by alhitikiii, ill tb« fiiniio iiiiiiiiiitr rifi 
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Cirtaia geaarai considerations which support Darwin’s 
theory of Sexual Selection 

II Ft* nino oiici or two general facts which seem 
nil' lo Htreiigly Hii|i|K>rt tlie theory of Sexual Selec- 
tion, liiiil to o|i|;ic)Be any theory which is not based on 
Heleeiivi^ lirercling. 


Sexual Colours only developed in species which court 
fey day or twilight, or have probably done so at no 

dislaat date 

Till? tijijieaniin'i* cif iH'iiiitiful colours and pnittoniB, 
\iliicli iiff* fii:hj»layi‘d in ccHtrtHhip, invariably occurs in 
iliiiriial or jiartiiilly diurnal animals. The colours 
«iiily u|Hteiir wlieii the eonditions for female preference 
iirr; jireHciii iiImo. I f %vi*- t^oiiiparit Imttcu’flies with moths, 
nr mdiicii fly hy day ami twilight with those 

wliitdi fiy ill iliirkiieHH, w«" find that brilliant tints and 
iiriiiitiiifiilii! jiiitterriH an* only found when thorcus liglit 
fiioiigli h.if fiiiuih* to Hf‘(* tiuun. The eonsideration 
Ilf n}i}iii,rc:iii will he found to support the 

iirgiiiiiiiiL Tim mmui imilmwis may be drawn from 
liirclii mid otlier iitiiriiiils. If, however, sucli colours 
mm* liiertdy tlio syiii|itom of vitality, we slionkl not 
to llial iliis iiiviiriablo rolationslup between the 
fif one m-x iiiiii the conditions for seeing it in 
111* otlif'r. 
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Sexual Colours are not developed oa part* of th« bodf 
wMch move so rapidly that they become inviaible 

Another fact of tlio hiiiih- kind liii^ <>uh -1 

itself to me lately- Tlie l.riMlil i -hnu- ..f . ,a,, t.h,|, 
are especially characteristic of I w.. {-roiijm ..f aniiunlin 
birds and insects, and it may not )iiir» iii,.*nnf.h be fiip- 
posed that this fact is ndah'd to the roijve»5i,id frame- 
work afforded l)y thc! Hiirface t»f ih.- wiuys. lu < in h 
group we may distinguish two kinds of flight ; in oiu,' 
it is produced by an (sxcessivi'ly swift %'ihj'.‘ili«iu of thr 
wings, in the other by a relativ* ly slow ttnpping » 
ment. In the former, inc-lmiijtK tin httminingddids. 
and the majority of iiiseets, tin* wings nr'«" iijtiite 
invisible, owing to their rapid motion; in the hitter, 
including the majority of birds and Initt* rlljes and 
many moths, they can bo easily si i n. We find, m a 
general rule, that the ctdoitrs disfiin'iive of m'% iirw 
displayed on the wings in the btfl«'’r grenip, l»nl ai*' 
absent from the wings in the fonti* r. Fttrililii s for 
female observation are thus alTordi«l hy the dislribti- 
tion of colour. 

When colours are best seen from on® direction , tbii 
corresponds with the position is wUeli the femnk 
would see them 

Again, the magnificent iritlem-nt rahmcs n»i the 
wings of certain batterflios, due to iiiUii fereiicv of iiglil, 
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are best seen when the insect is looked at from in front, 
as it wonld be by a female when the male is approaching 
her. Mr. Wallace, however, argues that the m^l^follows 
the female and hovers over her, so that she can hardly 
see the upper side of his wings at all. We know but 
little of the way in which an insect sees, but the struc- 
ture of the eye as a large rounded mass made up of 
radiating elements renders it probable that any object 
which comes within the area obtained by prolonging 
the radii will be seen, provided it is at the right dis- 
tance. Hence the male would be seen approaching 
the female from behind, in front, or the side, and the 
only requisite for producing the best impression upon 
her is that his head shall be towards her, and that the 
upper side of the wings shall be seen. The courtship 
of a butterfly usually passes through three stages : in 
the first, the male sees the female and approaches 
her ; in the second, they fly together for a variable 
distance, fluttering around and about each other, 
although the male is probably the more active and 
the pursuer ; in the third, the female has been over- 
come by the attentions of the male, she no longer 
flies, but settles on the ground or a leaf, while the 
male flutters over her and finally settles also. In 
each of these phases the planes of both body and 
wings are ever shifting, and the upper side of the 
latter is certainly visible to the female from time to 
time. It is therefore most significant that the irides- 
cent colours of Diadema holina should be seen from 
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the front, while, they become invisible from the side 
or from behind, for the colour is produced in such a 
way as to give the female the best chance of seeing it, 
a fact which is unexplained by any other theory of 
origin except that of Sexual Selection. At the same 
time this observation needs testing by further and 
exact observation of the habits of many iridescent 
species during courtship. 

The evidence for the gradual development of pattern 
suggests selective breeding 

The steps by which some of the most elaborate and 
wonderful appearances have arisen, are traced by Mr. 
Darwin in the most complete and convincing manner. 
When we look at the marvellous eyes upon the train of a 
Peacock, or the more beautiful markings on the feathers 
of the male Argus Pheasant, it seems impossible that so 
wonderful and complete a result can have been produced 
by the sesthetic preferences of female birds. And yet Mr. 
Darwin shows the relation between these characters and 
much simpler markings on other parts of the surface. 
He proves that the one has been derived from the other 
by gradual modification, and he points to traces of 
the original marking which persist in the complex 
appearance to which it has given rise. Such facts, 
while eminently suggestive of the progressive develop- 
ment of simple into complex markings by some 
selective agency, seem to be unexplained by any other 
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theory. It is impossible to understand how any neces- 
sities for recognition, any changes in the internal 
organs, any gradually increasing yitality, could cause 
the one form of marking to develop into the other, 
along lines which correspond with the attainment of 
a gradually increasing aesthetic effect. 
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CIIAPTEIl XVII 

StJMMAliY AND CLAmiFlCATJaN 

It now romainR to brin" tof'cthcr the ri HiiltH urrivnl 
at, and to show their n.*latii)n to one aiiolljer, in a 
systom of elaHHifieiitioii. 

I have not introduced the teriiiH propoHi il helow 
into the earlier i)artH of tluH l>m>k : it npjieared hi tter 
first to illustrate the meuniriK and use of esisting 
terms by tlui (U'scription of niimemus iiistniifes, 1 
trust, howctver, that the new terms iniiy he found to 
bo useful. My friend Mr. Arthur Bidgwick bus kinilly 
helped mo in choosing the worils. 

In the following sehemo Protective ami Aggressive 
ReBemblanccs are grouped with Mimicry under tin- 
first hoad of Apatetio Colours, iHscause an animal is 
thus made to resemble some other 8p<*ci{fH or Home 
other object. Protective and Aggressive IteseinldHiiees 
are classod as Cryptic Colours (Procryptie and Anfi- 
cryptic), bccauso their object is to eth.-et emu-tal- 
mont ; Mimetic llcsomblance and Alhuung ( 'olfiiintt ion 
are called PseudoHcmatic Colours, iHi-dn.n- they 
usually resemble Somatic or Warning and Sigindling 
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Colours, and deceptively suggest something un- 
pleasant to an enemy or attractive to prey. While 
Mimetic and Alluring Colours are therefore correctly 
classed in the same group with other forms of Eesem- 
blance, the terms suggested convey the relationship to 
Warning or Sematic Colours. 

The second head (Sematic Colours) includes Warn- 
ing Colours and Eecognition Markings: the former 
warn an enemy off, and are therefore called Apose- 
matic; the latter assist an individual of the same 
species, and are termed Episematic. 

The third head includes the colours displayed in 
courtship, which are therefore called Epigamic. 

The vertical arrangement in the table indicates 
the three chief divisions under which the various 
uses of colour may be grouped, together with the sub- 
division of the first into its two main classes. But 
the horizontal arrangement is also of importance ; for 
Pseudaposematic colours (I. B 1) are special and highly 
remarkable instances of Procryptic colours (I. A 1), 
and deceptively resemble Aposematic colours (II. 1) . 
Similarly, Pseudepisematic colours (I. B 2) are special 
instances of Anticryptic colours (I. A 2), and may 
depend for success upon the deceptive resemblance to 
Episematic colours (II. 2). 
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I. Apatetic colours 

Oolours resembling some part of 
the environment or the appearance of 
another species. 

A. Cryptic co- 
lours. — Protective 
and Aggressive Re- 
semblances. 

R. Psemloseniatic 
colours. — False 
warning and sig- 
nalling colours. 

1. Procrypt ic co- 
lours. — Protective 
Resemblances. 

1. Pseudaposema- 
tic colours. — Pro- 
tective Mimicry. 

2. Anticryptic co- 
lours. — Aggressive 
Resemblances. 

2. Pseudepisema- 
tic colours. — Ag- 
gressive Mimicry 
and Allariiig Co- 
louration. 


. II. Semaiic co- III. /,/■* 
lours . — Warning colours. -- * 
and signalling displayed i*' 
colours. ship. 


1. Aposematic 
colours. — Warn- 
Jug Colours. 


2. I^pisemctUc 
mlow’s. — Recog- 
nition IVIarkings. 


Saying thus showirthe relationship betweei^ 
main groins into -which the subject may be 
^niently arranged, it will be useful to constrii ** 
more detailed) t^le, giving the'^minor-,subdivi > 
and bringing forward numerous examples. Tlie ti 
terms are also defined as precisely as possible. 
tailed table is in fact an extremely condensed aim I t 
of the whole volume. 

It is of great interest to note that the advani n, 
gained under each of the main divisions (I. A, L II , . 
and III.) may be attained by the corresponding 
adventitious objects. Such adventitious colour: i 
introduced in the lower part of the table. 

Further inquiry will render the classification iin 
detailed and complete. Thus it is obvious that i*# 
of the instances grouped under Aposematic, Pseuiii ii 
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sematic, and Pseudepisematic Colours might be raised 
to the rank of a separate subdivision. I think, how- 
ever, that existing knowledge is sufficiently represented 
by the provisional arrangement suggested in the fol- 
lowing table. It would be inconvenient to render the 
classification more complex on account of a small 
number of instances. 


2.552 
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A lexander and blakis- 

TON, on explanation of re- 
semblance between unpalatable 
butterflies, 193 

Argyll, Duke of, on the Argus 
Pheasant, 306 

Aristotle, on the transformations of 
Lepidoptera, 133, 134 
Arnold, Dr., on the tails and eye- 
spots of Thecla larbas, 208 


E ALFODE, PL, on the tails of 
squirrels, 209 

Ball, Dr. R., on the association of 
SagaHia parasitica with hermit 
crabs, 203 

Barber, Mrs. M. E., experiments on 
the pupa of Papilio nireus. 115- 
118, 129 

Bates, H. W., on Mimicry, 191 ; on 
resemblance between unpalatable 
butterflies, 192 ; on the theory of 
Mimicry, 217-222, 224-228, 230- 
232, 257, 266 

Bateson, W., on the habits of 
certain crabs, 78, 79 ; on the 
change of colour in the conger, 
87 ; on the manner in which 
fish obtain their food, 88 ; on the 
sensitiveness to light of blind 
shrimps, &q., 91, 92; on the pro- 
tective habits of shrimps and 
prawns, 204 


BRU 

Beccari,* Dr., on the Gardener 
Bower-bird, 321, 322 
Beddard, E. E., on the Arctic Box, 
101 ; on a white peacock, 329 
note 

Bell, on the stoat, 102; on the 
tails of squirrels, 209, 210 note 
— , Rev. J. W. B., experiments on 
colours of chrysalides, 142 
Belt, on the Warning Colours of the 
skunk, 161 ; of a Nicaraguan frog, 
164, 165 ; on Mimicry, 221, 228, 
229, 239, 240, 250, 251, 252 note, 
253-256, 283 ; on pursuit of lizard 
by snake, 261, 262 
Bignell, G. C., on the insect para- 
• sites of Cerura vinula, 217 ; of 
Stauropus fagi, 282 
Billups, A. C., on winter change of 
colour in North American birds, 
106 

Blakiston and Alexander, on ex- 
planation of resemblance between 
unpalatable butterflies, 193 
Boisduval, on Mimicry in butterflies, 
216, 217 

Bond, on the pupa of Papilio 
Machaon, 113, 114 
Bowker, on the immunity from 
attack of Acrceidce, 229 
Browne, Sir James Crichton, on 
degeneration of brain of domestic 
duck, 289, 290 

Briicke, on the dependence of the 
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BXJl 

colour changes in Yertebrata 
upon the eye, 84, 85 
Butler, A. G., experiments on 
caterpillars with Warning 
Colours, 168, 172 

C HADWICK, Dr. C. M„ on 
Pygccra huce^ghala^ 67 
Cocks, A. H., on the winter change 
of colour in birds, 104 
Couch, Jonathan, on the stoat, 
102 

AEWIN, on Sexual Selection, 
21, 22 ; on the egg of the 
domestic fowl, 64 ; on the 
colouring of Mollusca, 69 ; on 
the colours of caterpillars, 166-- 
168 ; on Bates’s theory of Mimi- 
cry, 217-219 ; on Sexual Selec- 
tion, 284-286, 292, 293, 297, 306, 
307, 309, 317, 320, 321, 330, 331, 
334 

— , Erasnxus, on the uses of colour, 
24 note ; on colours of birds’ eggs, 
61, 64 

— , Erancis, 218 

Dixey, Dr. F. A., on the courtship 
of captive Satimiia^ 289 

E EDLE, T., on the larva of 
Ououllia vcrhasc% 188 

OBBBS, H. 0., on Ornithosca- 
toidcs decipiens, 76 ; on the 
courtship of the Argus pheasant, 
306, 307 

Forsstrona, Dr., on the tails and 
eye-spots of Theda, 208 
Foster, Professor Michael, on the 
regulation of temperature in 
warm-blooded animals, 100 

ADOW, Dr. H., on the metallic 
I colours of feathers, 11 ; on 
albino birds, 329 mte 
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Galton, Francis, on the use of 
bright colours, 25 
Garstang, W-, on Protective Ee- 
semblance in Mollusca, 69-71 
onHermcea, 70 ; on Gorgonia 
rucosa and Ovula patula, 71 ; on 
Warning Colours in marine ani- 
mals, 165, 166 and notes ; on the 
dorsal papillas of Eolids, tfec., 
199, 200 ; on the Warning Colours 
of Polycirrus, 201 ; on the asso- 
ciation of sea-anemones and 
sponges with hermit-crabs, 203 
Gosse, P. H., on the association of 
sea-anemones with hermit-crabs, 
202, 203 

Gotch, Francis, on the eggs of the 
guillemot, 213 ; on the ‘ eyes ’ of 
white peacock, 329 note 
Gould, on bower-birds, 320,321 notes 
— , Dr. A. A., on the colours of 
shells, 108 
Gray, Asa, 217 

Greene, Rev. Joseph, on protective 
tints of autumn and winter 
moths, 56, 57 

Grensted, Rev. F. F., on the e^g of 
red-backecT shrike, 65 
Griffiths, G. 0., experiments on 
colours of pupa3 of Pier is ra.pcc, 
142 

Gunther, Dr. A., on Ceratias, 74 

H AECOURT, a. G. Vernon, on 
the formic acid of Ccrnra, 
274, 275 

Harwood, W. H., on the colours of 
cocoon of Saturnia carpini, 142 
Herdman, Professor W. A., on the 
dorsal papillas of Eolids, 199, 
200 ; on the wariness of brightly- 
coloured marine animals, 313 
Hickson, Dr. J. H., on the colours 
of corals, 16 

TENNER WEIE, J., experiments 
eJ on caterpillars with Warning 
Colours, 168 ; on the hind wings 
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Newton, Hon. Justice, on unwilling- 
ness oi tlie bulbul to eat Danais, 
230 

Nic4ville, De, on AcrcBa violcB, cfec., 
230 

Nickerl, Dr., observation upon 
Carabus auronitenSj 9 

Nicoll, H., on the change of colour 
in the trout, 86-88 


0 SBOEN, H. L., on Leptogorgia 
and Ovulum, 70, 71 


P ECKHAM, Elizabeth G., on 
Protective Resemblance in 
spiders, 69 ; on spiders mimick- 
ing ants, 256, 257 ; on Protective 
and Aggressive Mimicry, 268 
— , G. W. and E. G., on courtship 
of spiders, 297-303, 306, 310, 
311 

Pembrey, M. S., experiments on 
colours of chrysalides, 142 
Perkins, B. 0. L,, experiments on 
colours of larv£e of Boarmia 
Bhomboidariaj 150 note ; on 
the tails and eye-spots of Thecla 
W-alhimij 208 ; on Aggressive 
Mimicry, 267 Tiote 
Pickard- Cambridge, Rev. 0., on 
Sexual Selection in spider, 297 
Pode, B. D. Y., on the change of 
colour in trout, 82 
Pouchet, on .the dependence of 
colour changes in Vertebrata 
upon the eye, 84, 85, 86 
Pryer, on the immunity from attack 
of butterflies on the wing, 223 
note 


E AMSAY, on Bower-birds, 320 
note 

Romanes, Professor G. J., on the 
association of sea-anemones 
with crabs, 202, 203 


STE 

Rosel, 273 

Boss, Sir J., on the winter change 
of colour in Hudson’s Bay Lem- 
ming, 94, 95, 98 note, 100 ; on 
the Arctic IFox, 103 ; on the 
Arctic Hare, 103 


S EEBOHM, H., on the egg of 
puffin, 63 note ; on winter 
change in colour of birds, 104, 
105 notes 

Semper, on the power of changing 
colour possessed by Vertebrata, 
86 note ; on the defence of Philip- 
pine Snails, 210; on Mimicry, 
250, 251 

Sclater, W. L., on a wonderful ex- 
ample of Mimicry, 252, 253 
Scudder, on the immunity from 
attack of butterflies on the wing, 
223 note 

Sharp, Dr. D., upon Carabus 
auronitens, 9 

Sharpe, R. Bowdler, on winter 
change of colour in birds, 104 ; 
on change in the colour of 
feathers, 105, 106 
Sich, Alfred, on larva of Owro^teryx 
sambucaria, 27 

Sidgwick, Arthur, on Gilix Spinula, 
57; on terminology of the sub- 
ject, 336 

Skertohly, S.B. J., on leaf-mimick- 
ing butterflies, 55 ; on the wings 
of Bornean butterflies mutilated 
by enemies, 206 note ; on Mimi- 
cry, 223-225 notes, 227 ; on the 
courtship of Orwithopterabrooke- 
ana, 293 note 

Sprengel, 0. 0., on the relation 
between insects and flowers, 317 
Stewart, Professor 0., on the colours 
of mother of pearl, 10 note; on 
PJvyllopteryx eques, 67, 68; on 
Phrynoeephalm mystaceus, 73; 
on Xenophora, 77, 78 ; on Archie 
doris M&rmlata, 108 
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T hompson, D’Arey W., on the 
fertilisation of flowers, 318 
note 

Titchener, E. B., on the colours of 
birds’ eggs, 65 ; on the courtship 
of Yapourer Moth, 295 note 
Topsell, on the larva of Cerura 
vinula^ 273 

Trimen, Eoland, experiments on 
pupa of Papilio demohus, 117; 
on Mimicry in African butter- 
flies, 216, 221, 222, 226, 227, 229, 
234-238, 266 

Tsohudi, on Alpine Hare, 95 note 
Tylor, Alfred, on Eecognition Mark- 
ings, 211 note; on the relation of 
colour to underlying structure, 
322-324, 326 

Y EENEY, Lady, on Mimicry of 
Chcerocampa, 260 

ALLACE, Dr. A.B., on Sexual 
Selection, 22 ; on Kallima, 
53-56 ; on the protective colour- 
ing of fish, porpoises, (&c., 68 ; 
on Alluring Colouration, 72, 73 ; 
on the protective value of the 
winter change of colour, 104 ; on 
the colours of cocoon of Saturnia 
carpini, 143 note; on Variable 
Protective Besemblance in in- 
sects, 158 note ; on the Warning 
Colours of the skunk, 161 note ; 
of the coral snakes (Elaps), 163; 
on the colours of caterpillars, 
167, 168 ; on explanation of re- 
semblance between unpalatable 
butterflies, 192, 193 ; on Recog- 
nition Markings, 210-213 ; on 
Mimicry, 221, 222, 225, 228, 


WOO 

230-233, 239, 240, 250, 251, 
265 ; on Sexual Selection, 285- 
288, 292, 297, 304-306, 308-312, 
314, 316, 318, 319, 322, 323, 325, 
326, 329 note, 330, 333 
Wallace, Dr. Alexander, on Boni‘ 
hyx cynthia, 48, 287, 288 
Walsingham, Lord, on the use of 
colour in absorbing or retaining 
heat, 17-19 ; on the larva of 
Rumia cmtcBgata,151; on Mimi- 
cry in Indian larvee, 263 
Walton, Izaak, on the larva of 
Cerura vinula, 273 
Weale, Mansel, experiments on 
colours of South African chrysa- 
lides, 117 ; on the forms of 
Papilio merope, cfec., 237, 238 
notes ; on Aggressive Mimicry, 
268 

Weismann, Professor August, on 
Seasonal Dimorphism, 50 ; work 
by, 147 ; experiments on cater- 
pillars with Warning Colours, 
1 68; on the black eggs of Paniscm, 
214, 215 ; experiments on Mimi- 
cry, 243, 244; on Mimicry of 
ChcBTOcampa, 258-260 
Welch, F. H., on the winter change 
of colour in American Hare, 
95-100 ; on the Arctic Hare, 103 
Westwood, Professor, 253 
WLite, W, on the degeneration of 
Psychidce, 296 

Wilson, Dr. E. B., on Leptogorgia 
and Ovulum, 70 

Wood, T. W., on Variable Protective 
Eesemblance in chrysalides, 
113-115, 118, 119, 121; on the 
metallic appearance of chrysa- 
lides, 134 ; on the larva of Eu- 
chelia jacobcecB, 187 note 
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ABE 

JBBAXAS GBOSSVLABI- 
ATA^ Warning Colours of 
larva of, 1G8, 169 ; of pupa of, 
174, 186 ; of imago of, 174, 
175 

Absorption of ligh.1:, 1 
Acidcolia suhsericeatat probable 
Mimicry of, 244 

Acraa Jiorta, unpleasant smell of, 
227 

— 'uiolcB, refused by Mantis ^ 230 
AcrcBidcB, similarity of Warning 

Colours of, 19B; as models for 
Mimicry, 226, 230 
Acronycta lepoi'ina, larva of, 43-45 

— ;psi, 315 

— triclens, 315 

Adaimia ^alliata^ associated with 
Pagurus Frideauxii, 202, 203 

— Bondeletii associated with 
Pagurus hcmhardus, 203 

Adventitious Colouring, 79, 80 

— Protective Eesemblance, 202 

— Protection,. 7 6-79 

— Warning Colours, 202-204 
Esthetic preferences of females, 

insufficient evidence for, 286 ; 
reasons for lack of evidence, 286 
-287 ; only to be expected in 
wild animals, 287-291 ; present 
in plainly- coloured as well as 
ornamental species, 304 

— sense of man largely created by 
insects, 317, 318 

Affinity between mimicking and 
mimicked species, 225 
Agapetes amblyornithis, collected 
by Q-ardener Bower-bird, 322 


ANT 

Aggressive Mimicry, 266-268 
— Resemblances, and Protective, 
19, 20, 24-158, 336, 338 ; rela- 
tion between Protective and 
Aggressive, 24, 26; in spiders, 
59, 75; ‘Alluring Colouration,’ 
an extreme example of, 20, 
72-76; Variable Eesemblance is 
often Aggressive, 109 
A glia tau, Mimicry of larva of, 
263, 264 j courtship of, when 
wild and in captivity, 289 
Albinos, 16 
Albino birds, 329 note 
Alluring Colouration, 20, 72-76, 
336, 337, 338 

Amhlyoruis 'mwrnata, habits of, 
321, 322 

American Hare, winter change of 
colour of, 95-100, 103, 306 
Amphibia, Variable Protective 
• Resemblance in, 83 ; Warning 
Colours in, 164, 165 
Amphidasis betnlaria, larva of, 28 ; 
experiments on colours of larva 
of, 152, 153 

Anaea sp. ? larva of, 36, 37 
Angle-shades, Protective Resem- 
blance of moth, 56 ; larva of, 
coloured by its food, 79 
Angler, lure of, 73 
Annulet Moth, probable Variable 
Protective Eesemblance in, 167, 
158 

Anolis pursued by snake, 262 
Anticryptic Colours, 336, 337, BBS 
Antler Moth, assembling of males 
of, 292, 304 
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Ants as models for Mimicry, 245, 
252, 253, 255-257, 2G8 
Apatetic Colours, 336, 338 
A'gatura iris, pupa of, 37, 38 
Aposematie Colours, 337, 338 
Arachnida, see Spiders 
Archidoris Merculata, probable 
changes of colour in, 108 
Arctia caja, Warning Colours of 
imagines of, 175 ; defence in 
other stages, 175 

Arctic animals, use of whiteness in 
checking radiation, 17-10 

— Fox, winter change of colour 
of, 101, 103, 104 

— Hare, occasional change of 
colour in summer, 103 

Argus Pheasant, courtship of, 
306, 307; evolution of sexual 
markings of, 334 

Arcjynnis dimorphism of 

female of, 40 ; experiments on 
colours of pupa of, 141 
Asoidians, Warning Colours of, 166 
Asilidee do not attack Helicofiuhe, 
228 

As])ilates gilvaria, larva of, 34 
‘ Assembling ’ of male moths, 201, 
292 

Asthena candidata as a probable 
model .for Mimicry, 244 
Astia vittaia, courtship of, 302, 303 
Attidm, courtship of, 207-303 ; 

battle between males of, 310 
August Thorn Moth, larva of, 43 


B abe and lichen, resem- 

blanoe to, 34-36 

Bee Hawk Moths, Mimicry of, 240 
Bees, sting of, remembered by 
chameleon, 199 ; as models for 
Mimicry, 245, 248, 249, 207 
Beetles, see Ooleoptera 
Beetles’ wings, cause of iridescent 
colours, 8, 9 

Birds, Protecjtive Eesemblance in, 
60, 61; Warning Colours in, 


BRI 

162 ; Sexual Selection in, 162 ; 
rubbing off hairs of larv£e, 173 ; 
eat ladybirds when hungry, 180 ; 
refusing to eat conspicuous 
caterpillars, 168, 169, 181; 

power of picking wings o& 
insects, 183 ; liable to seize 
butterflies by the wings, 205- 
209 ; Becognition Markings 
in, 212, 213 ; do not attack 
Heliconidce, &o., 228 ; frightened 
by Chcerocam 2 )a, 260 ; as models 
for Mimicry, 265 ; Mimicry of, 
265 ; said to devour larva of 
Cerura vinula, 273 
Birds’ eggs, colours and markings 
of, 61-67 ; white when concealed 
or defended from enemies, 62- 
64 ; ancestral colour of, 62, 63 ; 
Becognition Markings in, 212, 
213 

Birds of Paradise, well adapted to 
their conditions, 311 ; supposed 
explanation of tufts of, 325 
Black Arches Moth, Protective 
Eesemblance of, 35 
Blood, transparent in certain fishes, 
14, 15 ; rod colour of, made use 
of in ‘ complexion,’ 13, 324 
I lioamvia rhomhoidaria, experi- 
I ments on colours of larvae of, 
150 note 

— rohoraria, experiments on 
colours of larvffi of, 150 note 
Bombi, as models for Aggressive 
Mimicry, 267 

Boonbus lapidarius, as model for 
I Aggressive Mimicry, 267 
! Bomhm mmconim, as model for 
j Aggressive Mimicry, 267 
Bombyces, degeneration of females 
of, 294-297 

Bonibyx cynthia, dimorphism in, 
j 48 ; no choice exercised by 
1 captive females, 287, 288 
j Bower-birds, habits of, as evidence 
‘ for aesthetic sense, 320-322 
1 Brimstone Moth, larva of, 31, 33 ; 


348 


THE Cmouii-H OF AHIMAL^ 


mt 

oxperimcntH tm coloiirw at ftw^iwii 
of, i4fh im; of ktvu of, irn, 
im, wn 

IPripphUa, r»H 

Buff “tip Mutli, r#7 ; Wiiruhig C*u- 

loiirii of iiirvii of» 17(1 ; r»iii ■ 
pfimcl with Moimo of iiiuipo of, 

m 

Bug, Miiuic‘.ry of, 2r»I 
Buliiuf, uuwilliug io tourii ti 
.Damm, 2*10 

Burni4 McitliM, Wiiriiiiig Colriiir.fi 
of, lir $ ; fiiriiiliirity of Wiyniog 
ColourH of, I!i(» 

ButttiiiiiiiH, wingn of, ojiHity Kr-O,***! 
hy an onoiny, whirli 

afford uumIoIh for Miiiiioiy. 

23D ; haUlfiH hf:?twi‘oii iiuiioii im ^ 
iinpjo’tiint, 3HI ; of mmrt^ 

nil ip of, 

and MoUiH, l*rotiTti%o 

hlaiiot! of, li2-r»H; Miniiory in, 
232-244 


ffA ilMHA MX A NT! I MAP A - 

Hi A , ail fi imilmhto iioalrl for 
M'ifiiiory, 244 

■ ■ fMmtrm, im a |>robablii iipidr'l for 
Mimicry, 244 

Cttddlcjfi-wnriiWt mnm of* 77 ; tlio 
food of troul, 

(kimmtru Frolifiitlyi? liio 

witnhkiico of, fill 
(Uiilkmymm Ifim^ 
from wtf#vi!r, liHI tml^^ 

(kmin lagoptm, winter olmnga of 
colour of, nil. 10*1. Kll 
{ Utmlmh a un m lirm, oaitno of noldifii 
aji|j«irttnco, 0 

Cariiivora, A|fgri.*Miiivi* lioi»«iiil#lf«ico 
im 72 
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Chrysalides, concealment of, 51, 
52 ; Variable Protective Resem- 
blance in, 111-142 ; supposed to 
be photographically sensitive, 
118, 119 ; on the meaning of the 
metallic appearance of, 133-139, 
177 

Qihryscmela populi^ Warning 
Colours of, 177 

^ilix spimilaf Protective Resem- 
blance of, 57 ; of cocoon of, 76 
C/innabar Moth, see EucJiclia 
jacohcBOi 

CJleora licJmiaria^ larva of, 35, 36, 
40, 41 

CJlothes moths, cases of larva, 76 
C51oudedYellowButterfiy,see Colias 
edusa, 

Olytus arietis, Mimicry of, 249, 250 
CJobra, terrifying appearance of, 
163 ; as model for Mimicry, 259 
<Joccinellai Warning Colours of, 
177 ; concealed in winter, 180 
CJockroach, means of defence of, 161 
C/ocoons, protective value of, 51, 
52; adventitious protection of, 
76; Variable Protective Resem- 
blance in the colours of, 142-146 
damnym^ha ^amphilus, eye-like 
spot on wing of, attractive to 
lissard, 207 

CJold-blooded animals, 18, 100 
CJoleoptera, Warning Colours in, 
177, 178 ; mimicking Hymeno- 
ptera, 249, 250, 252 ; as models 
for Mimicry, 251, 252 
Colias edusa, dimorphism in, 49 ; 
wings of, seized by enemies, 205, 
206 ; female more beautiful than 
male, 292 ; var. helice, 315 
— hyale, 315 

Colours due to absorption, 1-3 ; due 
to thin plates, 6-9 ; due to diffrac- 
tion, 9, 10 ; due to refraction, 10, 
11 ; of direct physiological value, 
15-19 ; destroyed by natural 
selection, 14 ; use in retaining or 
absorbing heat, 16-19 ; produced 


CR(E 

by courtship, 21, 22, 284-285 ; of 
animals classified, 22 ; of many 
uses on a single animal, 22 ; 
changed to correspond with 
changes in the environment, 42- 
46 ; believed to be due to excess of 
vitality or to underlying struc- 
tures, 322-325 ; criticisms upon, 
325-330 

Combination of many methods of 
defence, 269-283 
Common Dagger Moth, 315 
— garden white butterflies, see 
Pieris brassicce and P. rajpee 
‘Complexion,’ depends upon the 
blood, 13, 324 

Conditions under which Protective 
Mimicry occurs, 231 
Convolvulus Hawk Moth, dimor- 
phism in larva of, 47, 48 ; ex- 
periments on colours of larva of, 
157 

Corals, probable use of colour of, 16 
Coral snakes, Warning Colours of, 
163 ; as models for Mimicry, 265 
Corycia temcrata, probable Mimi- 
cry of, 244 
Cosstt^, 58 

Courtship, colours produced by, 
21, 22, 284-335 ; decided by 
wager of battle, 309 ; colours dis- 
played in, concealed at other 
times, 311 ; beauty of colours dis- 
played in, unnecessary for recog- 
I nition, 316, 817 ; development of 
patterns displayed in, 334 
Crabs, habit of fixing seaweed, 
(fee., on the body, 78, 79 ; asso- 
ciated with sea-anemones, 202, 203 
Crickets, Mimicry of, 252; mimick- 
ing tiger-beetles, 266 ; mimicking 
sand-wasps, 266 

Crimson Underwing Moths, a use 
of hind wings of, 206 
CrocalUs elingtiaria, experiments 
I on colours of larvfe of, 150 note 
\ CrcBsm septmtrionalis, defensive 
glands of larva of, 171, 172 
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CrotaUtSj warning sound of, 163 
Crow, eggs of, 61 

Crustacea, rapid changes of colour 
in, 107 ; associated with sea- 
anemones and sponges, 202-204 ; 
much sought after by fish, 204 
Cryptic Colours, 336, 338 
Cuckoo, egg of, 66 
Cucullia^ 58 

— Derhasc% origin* of Warning 
Colours of larva of, 187, 188 
Currant Moth, see Abraxas grossu- 
lariata 

Cuttle-fish, rapid changes of colour 
in, 107, 108 


ID-/®, similarity of Warn- 
ing Colours of, 193 ; similarity 
to SeUconidcBf 195, 226 ; as 
models for Mimicry, 226-230, 
232-238 


Danais, see Danaidoi 

— a7'chip;ptis, Warning Colours of, 
194, 195 

— chrysippus, as model for Mimi- 
cry, 236, 238 no/c 

— eaheria, as model for Mimicry, 

235, 238 note ^ 

— niavius, as model for Mimicry, 
216, 217, 235, 236, 238 note 

Danaoid, Heliconidce^ 195, 226 

Dark Dagger Moth, 315 

December Moth, larva of, 35 

Degeneracy of female moths accom- 
panied by loss of beauty in 
males, 294-297 

Dendryphantes capitatus^ court- 
ship of, 301, 302 ; battles be- 
tween males of, 310 

Diaderm holma^ Mimicry of, 236 ; 
iridescent colours of, so placed as 
to be seen by female, 333, 334 

— duhia, Mimicry of, 217 

— mima. Mimicry of, 235 

Diaphoramendica^prdbdAile Mimi- 
cry of, 240 

Dimorphism, 46-51 

Diptera, especially relished by 


lizards, 183 ; predaceous, do not 
attack HcKcomdce, 228 ; mimick- 
ing Hymenoptera, 248-249 ; as 
models for Aggressive Mimicry, 
266 ; Aggressive Mimicry of, 
267 ; the prey of ant-like spi- 
ders, 268 

Domestication, causing degenera- 
tion, 289, 291 

Dormouse, use of brittle tail of, 
209 

Dragonet, distinguished from wea- 
ver, 166 

Dragon-fiies do not attack Heli- 
conidcc, <fec., 228, 229 

Drinker Moth, irritating hairs of 
larva of, 173 

Drone-fly, Mimicry of, 248, 249 

Duck, degeneration of brain of, 
during domestication, 289, 290 


E ABLT Thorn Moth, larva of, 
29, 33 

Wlaps, Warning Colours of, 163 ;as 
models for Mimicry, 265 
Elephant Hawk Moths, Mimicry 
of larva of, 258-261, 263, 264, 
269 

Emperor Moth, see Saturnia car- 
pini 

Emimnos angularia, larva of, 43 ; 
experiments on colours of larvm 
of, 150 note 

Ennomos limtaria^ experiments on 
colours of larvffi of, 150 note 
EoliSy defensive dorsal pap ill jb of, 
199, 200 

— A Ideri, tingling sensation caused 
by, 200 

Epeira prompta, 59 
Ephyra 07nicronaria^ larva of, 32 
— pe7idiclaria, larva of, 32 
EphyridcB^ dimorphism in, 46 ; ex- 
periments on pupae of, 139 
Epiblemum scenicimn, courtship of, 
299, 300 

Epigamic Colours, 337, 338 
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Episematic Colours, 337, 338 
Eriogaster lancstris^ experiments 
on colours of cocoon of, 144-14G 
Eristalis, Mimicry of, 248, 249 
Essex Emerald Moth, case of larva 
of, 76 

Eucheliajacoh^cB,'\Yst>YmngColo'avB 
of larva of, 169, 170 ; of imago 
of, 175 ; larva of, adopts colours 
of wasp, 186 ; origin of Warning 
Colours of larvic of, 187 ; larva) 
of, refused by lizards, 243, 244 
Euplma, similarity of Warning 
Colours of, 193 ; as models for 
Mimicry, 226-230, 234 

— core, Warning Colour of pupa 
of, 177 

— Midanms,a{i model for Mimicry, 
234 

— (Dafiais) niavius, a model for 
Mimicry, 216, 217, 235, 236, 238 
note 

— BhcidaniantJms, as model for 
Mimicry, 234 

Eyed Hawk Moth, larva and eggs of, 
coloured by chlorophyll, 80 ; ex- 
periments on colours of larva of, 
147-149, 157 

JPA C ELINA. COR ON A TA , 

tingling sensation caused by, 
200 

Fat, cause of whiteness, 5 
Feathers, cause of whiteness, 5, 6 ; 

cause of metallic colours, 11 
Female butterflies, more frequently 
mimetic than males, 238-240; 
in certain species more beautiful 
than males, 292, 293 
Fish, Protective Eesemblance 
among, 67-69; Variable Pro- 
tective Besemblance in, 82, 83 ; 
Warning Colours of, 165 ; wary 
when brilliantly coloured, 312, 
313 

Fishing Frog, lure of, 73 
Flagella of larva of CerK/ra vinula, 
272, 273 


Flakes on surface of buried glass, 
cause of colours, 8 
Flies, especially relished by lizards, 
183 ; predaceous, do not attack 
IIclico7iida>, 228 ; as models for 
I Aggressive Mimicry, 266; the 
prey of ant-like spiders, 268 
Flowers, beauty of, determined by 
insects, 317, 318 

Formic acid, ejected by larva of 
Cerum vmula, 274, 275 
Fowl, domestic, eggs of, 63, 64; 

frightened by Chan'occmijia, 260 
Fox Moth, irritating hairs of larva 
of, 172, 173 ; larva) of, eaten by 
lizards, 243, 244 

Friar-birds, as models for Mimicry, 
265 

Frog, power of changing colour, 
83 ; Warning Colours of Nicara- 
guan species, 164, 105 ; refusing 
to eat conspicuous caterpillars, 
168, 169, 181 

Froth, cause of whiteness, 5 


f^ALUS POLLACmUS, ex- 
^ periments upon, 200, 201 
Gallus Banhiva, egg of, 64 
Ga^mnarus, as the food of trout, 88 
Garcinia, collected by Gardener 
Bower-bird, 322 

Garden Tiger Moth, Warning 
Colours of, 175 ; defence in other 
stages, 175 

Garden white butterflies, sec Picris 
hrasaicce and P. rapee 
Gardener Bower-bird, habits of, 
j 321, 822 

' Gardenia, collected by Gardener 
I Bower-bird, 322 
: General resemblance, 20, 24-20, 
j 42-46 

' Geornetra papilio7iaria, larva of, 
34, 46, 47 

, — smaragdarla, case of larva of, 76 
Oeoniet/raij larvo) of, as examples of 
! Special Protective Besemblance, 
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in, 57, 5H; on 

colntifH of larvw* of, 150 150; j 
Mimicry In, j 

(lluttmi, 100 

Gnopkm oimrurnifit |irf»l>iiblor Vari- | 
able FrotiMitivo Ib’MWiiblttneo in, i 
157, m 
Clout Moth, 5H 

Cloicl Tail Moth, mm Pitrilmm ri iir i • ■ 

^ Jlmi 

Ckmrpttra lilmirh\ 55, 50 
(kmjonia rtmmmfh act‘onij*anieO 
by omda, 71 
ClriiMH Hnakii, 00 

(lm8Mho|i|«!r, iifitiiicry of, 25 1, 252 
Ortjcm Bilver LInoH Moib, ois|j^ri- 
inimtii cm colmir« of cocoon of, 
145, 140 

ClrcKsnlfincl Fiikr)ri,csIiani|o in colonr 
of fcmlhorii, l,f)5 

Clrmirid gliiinc, catumof whllonr/Hii, 5 
CInilleiiiot, HocciKtiiiionMarlhn^ffi in 

OggMC»f, 2111 

OnJn imem, 100 

Cliirnanlii, <lbitirigiii«h boiwoon 
driigonijfe ttiitl weiivor, HUi; ilo-* 
vouring Iiormit cmfw, 2011 

TTAnBOCKBTUM BPLKN^ 
DKNH, C!ciiirt»lii|» , grri 
Hair, caui© of whlloiifj#i, 5, il ; 
ohango lo wliili dtio tn |irommwi 
of %m huhhlm, m, im ; ©baiigo 
of ©oloar in Arotie aniwal* an in 
flirciot effeet of cold, 101 
Hairs, irritating, of liiipidop^rotta 
Isrw^ 172 .. m 
llairitnmk 

lieacl III wrong enci of boilk *Mi7, 

%m 

llalMi prmimmh oxpriwiiniri cjn 
ooloiirs of ummn of, 145, 14fl 
EalmhmuMm^ lOB 
Ham, firotoctifo colonr of, fIT 
Mmmim Ifof I, mutUMf of, ,W 
IMmarim, %m§ of * tall ’ of, 210 
— - gutUf loii of ' tail * In, 210 
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Protective Resemblance in 
cocoon of, 146 ; defensive glands 
of phytophagous larvae of, 171, 
172 ; Warning Colours in, 178 ; 
as models for Mimicry, 245-25B, 
255-257, 266, 267 
Eymenopus bicornis^ Alluring 
Colouration of, 74, 75 

CE, cause of transparency, 5 
IchneumonidcBj larvae of, un- 
affected by nauseous taste, 181, 
182 ; Recognition Markings of, 
213-215 ; formic acid of Cerura 
fatal to, 275, 276 ; Cerura at- 
tacked by, 214, 215, 275-277; the 
defence of larva of Stauropus 
against, 281, 282 
Icim sp., courtship of, 300 
IguanidcB, power of changing 
colour, 84 
Ifiachus, 78, 79 
Interference of light, 6-10 

J AY unaffected by terrifying ap- 
pearance of ChcBrocam^a, 2G0 
Jungle fowl, egg of, 64 

ALLIMA, Protective Resem- 
blance of, 52-55 

X ACBBTA MURALIS, Bee 
Hawk Moth devoured by, 240 ; 
Mimicry of 8;pheoia detected by, 
247, 248 

. — viridiSy detects well -concealed 
larv© with difficulty, 40; effect 
of ‘ tussocks ’ of Orgyia upon, 
198; larvae of Euchelia jacobcece 
refused by, <&o., 243, 244 ; 

frightened by Ghmrocampa, 261 
Lady-birds, Warning Colours of, 
177 ; concealed in winter, 180 ; 
as models for Mimicry, 251, 252 
Lagopua, winter change of colour 
in, 104 

Large Emerald Moth, larva of, 34, 
46, 47 


LIZ 

Large G-arden White Butterfly, see 
Bieris hrassicce * 

— Tortoiseshell Butterfly, colours 
of pupa'of, 114; suspension of 
pupa of, 112; experiments on 
colours of pupa of, 141, 142 

Lark, egg of, 61 

La^iocampcb quercus, irritating 
hairs of larva of, 173 

— rubif irritating hairs of larva of, 
172, 173 ; larv£B of, eaten by 
lizards, 243, 244 

‘Leaf insects,’ 58 
Leaf-cutting ant, as model for 
Mimicry, 252, 253 
Leiocampa dictcea^ 315 

— dictcaoides, 315 

Leopard Moth, nauseous in the 
imago stage only, 175 
Leptalis^ Mimicry in, 219 
Leptocephakis, transparent blood 
of, 68, 69 

Leptogorgia virgidata^ always 
accompanied by Ovtdum^ 70, 71 
Lepus Amcricanm, winter change 
of colour, 95-100, 103, 106 

— glacialis, occasional change of 
colour in summer, 103 

Lesser Swallow Prominent, 315 
Lime Hawk Moth, experiments on 
colours of larva of, 149 
Limeruitis misippus, mimicking 
Danais archippus, 195 

— syhilla, larva of, 174 
Lizards, colours of, 25 ; Protective 

Resemblance in, 60 ; Aggressive 
Resemblance in, 72, 73 ; Variable 
Protective Resemblance in, 84 ; 
refusing to eat oonspicaous 
caterpillars, 168, 169, 172, 181 ; 
effect of ‘ tussocks ’ of Orgyia 
upon, 197, 198 ; liable to seize 
butterflies by the wings, 205-209 ; 
use of brittle tails of, 209 ; do not 
attack HeUcomdcB, &c., 228, 229 ; 
larvee of EttcheUa jacohmm^ re- 
fused by, 243, 244; Bee 
Hawk Moth devoured by, 246 
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Orioles, Mimicry of, 265 

Ornithoptera brooheana, courtship 
of, 293 note 

— poseidon, courtship of, 293, 294 

note I 

Ornithoscatoides decipiens^ Allur- 
ing Colours and hahits of, 75, 76 

Orthoptera, Protective Eesem- 
blance in, 68 ; mimicking Cole- 
optera, 251, 252 

Ovula patula^ accompanying 
Qorgomcb, 71 

Ovulum, probable changes of colour 
in, 108 

— unipl'icatum, accompanying 
Leptogorgia, 70, 71 

pACHYItHYNCHUS, cause of 
colours of scales, 11 

Pagurus hemJiardm^ associated 
•with Adamsia Mondeleiii, 203 

— cuanemis^ associated with 
SuheriUs domuncula, 203 

— PrideaiMxii, associated with 
Adamsia palliata, 202, 203 

‘ Palmer worm,’ see Porthesia 
awriflua (larva) 

Pale Clouded Yellow Butterfly, 315 

Paniscm oephalotes, black eggs of, 
facilitate recognition, 214, 215 ; 
attacking Cemra Vinula^ 214, 

215, 275-277 

PapiliOy Mimicry in African species, 

216, 217, 234-238 ; Mimicry in 
South American species, 232, 239 ; 
as models for Mimici^, 234 ; Mimi- 
cry in Asiatic forms, 234, 239 

— antinoridj 238 note 

— cenea, Mimicry of, 235, 237 
note, 238 note 

— demoleus, colours of pupa of, 
117 

— hippocoofv, Mimicry of, 235, 237 ; 
note, 238 note 

— Humhloti, 238 note 

— Machaon, colours of pupa of, 
113, 114, 118; experiments on 
pupa of, 139 
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Papilio meriones, 234, 238 note 

— merope. Mimicry of, 234-238 

— nireus, colours of pupa, 115- 
117 

— paradoxa, two sexes mimicking 
Afferent species, 234 

— polydamus, colours of pupa of, 
117, 118 

— trophonius. Mimicry of, 236, 237 
note, 238 note 

— westermanni (hippocoon), Mimi- 
cry of, 217 

Partridge, egg of, 61 
Patterns, similar types of, used for 
warning purposes, 185 
Peacock, ‘ eyes ’ of train distin- 
guishable in albino, 329 note ; 
well adapted to conditions, 311 ; 
evolution of sexual markings of, 
334 

— Butterfly, see Vanessa lo 
Pelias hems, 60 

Peppered Moth, larva of, 28 ; ex- 
periments on colours of larva of, 
152, 153 

Phidippus morsitans, courtship of, 
300 

Phidippus rufus, courtship of, 
300 

Phlogophora meticulosa, Protective 
Besemblance of moth, 56 ; larva 
of, coloured by its food, 79 
Phrynocephalus mystaceus, Allur- 
ing Colouration of, 73 
Phyllopteryx eqiies, Protective Be- 
semblance of, 67, 68 
Physalia, colour of, 2 
Phytophagic variability believed 
to exist in larvae, 149 
Pieridce mimicking Heliconidce, 
&c., 232, 233, 239, 240 
Pieris hrassicce, colours of pupa of, 
113-115 ; experiments on colours 
of pupa of, 140, 141 ; Warning 
Colours of larva of, 170 ; nause- 
ous larva of, attacked by ichneu- 
mons, 182 ; female more beauti- 
ful than male, 292, 293 
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rkris mpU fi*iJiiil<^ iiif:jni l^^mitifiil 
than rnalr*, *iir2, 2*J3 
- - mpr?, coioum of imija at, ll»l 
1.15; ixpwiiiM'ritfi oil rol*4ir» of 
pupa «»f, fi*t«alo mt*ro 

beautiful tlwn iiittbs ‘iJl'i. 
Pigioni, egg« of, bl, 52 oH|M'rially 
briiliiint wheu eiu-iiiirH Bearre, 

m 

Pigmentary uolourH, 1 1 
Pigmentii, I 
Pha, 7H, 79 

Plaice, incmpabliief ehttiigiiig crilotir 
when blind, B5 
Pleurmmtkyh ctdourw c»f. 
Pmcihcum'fm lar%’» *15 

Foikilnthermle anitimlH, in, l«o 
Polifmk, iiiHBrhrifmis with, 2htl, 

mi 

PolyclrruM Warning 

Ooloura of lentelea, 205, 2hl 
Polymmmiim^ apparent hi^fid al 
wrong eml of licaly, 2h.H, 25*1 
Poplar Kilteri, 115 . 

Porifmm (Liimrb) mitiflmh ex» 
pfrimenti <iti colon ra at ttmmn 
of, 140 glatidi of 
larva of, 171 ; irritating haira of 
larva of, 172; Mimicry of, 241- 
241 

Portuguese raan-of»war,eolriiirctf, U 
Powdir, white apptaranoe «if, 4 
Friimatk eolotira, Ml, 11 
Prifit Hawk Moth,ohaiige iniolimr 
of larva of, 4i, 4S, li, tl ; 
p©rirn«nti m colottw of l«f & of, 
141) 

Vfomfp>lc foloura, 110, 1S7, SiS 
Prote(*Mv# Mimicry, 20, 
distlngabliifl front Proitellve 
EenemM&iice, 71, 221; hiatory 
of, roklioti to ovoln. 
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cry, t»-M7 ; mm%m 
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Becognition Markings, 210-215, 
S87, 888; in mamnials, 211, 212 ; 
in birds, 212, 213 ; in insects, 
218-215; principle of , believed to 
account for sexual colours, 314 
Bed Admiral Butterfly, 64 ; mean- 
ing of colours of pupa of, 138 
Bed-backed Shrike, nest and eggs 
of, 65 

Bed TJnderwing Moth, a use of hind 
, wings of, 206 
Regent bird, habits of, 320 
Reptiles, Protective Besemblances 
in, 60 ; Variable Protective Be- 
semblan.ce in, 84 ; Warning 
Colours in, 163, 164 
Rwmia cratcBgctail2brvB.oU 61, 33; 
experiments on colours of cocoon 
of, 146, 166; experiments on 
colours of larva of, 161, 152, 156 
Ruminants, Becognition characters 
in, 212 

Rupture-wort, effect of cessation of 
insect agency upon, 318 

CAITIS J>VLEX, courtship of, 
^ 298, 299 

Salcmandra maculosa,, probable 
Warning Colours of, 165 
Sallow Kitten, 316 
Sand Wasps as models for Mimi- 
cs, 266 

Satin Bower-bird, habits of, 320 
— Moth, as model for Mimicry, 
241-243 

Bcbturma oarggini, colour of larvae, 
18 ; experiments on colours 
of cocoon of, 142, 143; court- 
ship of, 288, 289 ; courtship 
in captivity, 289 ; recent de- 
generation of female, 294, 296 
Saw-flies, defensive glands of larvae 
of, 171, 172 

Scapktiraf Mimicry of, 266 
Sea-anemones, Warning Colours 
of, 166 ; tentacles of, distasteful 
to fish, 200; associated with 
crabs> 202, 203 


SMA 

Sea Horse, Australian, Protective 
Resemhlance of, 67, 68 
Sea-urchins covered with pebbles, 
&c., 77 

Seasonal Dimorphism, 49-50 
Selenia ilUmaria, larva of, 29, 33 
Sematic Colours, 336, 337, 338 
Sesia homhyliformis, Mimicry of, 
246 

— fusiformis, Mimicry of, 246 
Sexual Colours, 21, 22, 284-335; 

relation to Warning Colours, 
189-196 ; only developed in 
species which court by day, 331 ; 
only developed on visible parts 
of the body, 332 ; placed so as 
to be best seen Tby the female, 
332-334 

— Selection, 21, 22 ; theory of, 
284-287 ; completely subordinate 
to Natural Selection, 285, SOT- 
SIS ; only explanation of colours 
displayed in courtship, 329, 330 

Shark Moths, 58 
Shells, cause of iridescence, 10 
Shrimps and prawns much sought 
after by fish, 204 
Signalling Colours, 336, 837, 338 
Significant colours, 16-22 
Silver-washed Pritillary, dimor- 
phism of female, 49 ; experi- 
ments on colours of pupa of, 
141 

Skunk, Warning Colours of, 161, 
162 ; white tail of, compared 
■with that of rabhit, 211, 212 
Skylark, young of, possibly killed 
by hairs of ‘ Palmer Worm,’ 172 
Small Eggar Moth, experiments on 
colours of cocoon of, 144-146 

— Emerald Moth, larva of, 29 

— Garden White Butterfly, see 
Pieris rapes 

— Heath Butterfly, eye-like spot 
on wing of, attractive to lizard, 
207 

— Tortoiseshell Butterfly, see 
Vamssa w'Ucce 
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Smerinthm ocellatus, larva and 
eggs of, coloured by chlorophyll, 
80 ; experiments on colours of 
larva of, 147-149, 157 

— experiments on colours 
of larva of, 149 

Snakes, colours of, 25 ; Protective 
Eesemblance in, 60 ; Aggressive 
Eesemblance in, 72 ; especially 
fond of Tree Frogs, 109 ; Warn- 
ing Colours in, 168, 164; as 
models for Mimicry, 257-265 ; 
pursuing lizards, 261, 262; 
Mimicry of, 265 

Snow Bird, colour not changed in 
mild winter, 106 
Snow, cause of whiteness, 5 
Soap-bubble, cause of colours, 7, 8 
‘ Soldiers and sailors,’ Warning 
Colours of, 177 
Sole, colour of, 68 
Song, beauty of, unnecessary for 
recognition, 319, 320 
Sparrow, frightened by Chcero- 
campa, 260 

— Hawk, change in colour of 
feathers, 105, 106 

Special Eesemblance, 20, 24-26 
Sphecia apiformis, Mimicry of, 
246, 247 

— bembeciformis^ Mimicry of, 246- 
248 

Sphmx coivvolvuUj dimorphism in 
larva of, 47, 48 ; experiments on 
colours of larva of, 157 
Sphwm Ugmtri, larva of, 42, 43, 
45; change in colour of lal^va 
of, 93 ; experiments on colours 
of larva of, 149 

Spiders, Protective Eesemblance 
of, 59 ; AUuring Colouration of, 
75 ; refusing to eat conspicuous 
caterpillars, 168, 169, 181 ; do 
not attack ReUconid^, 228 ; 
exception to this, 229 ; mimick- 
ing ants, 255-257; Aggressive 
Mimicry of, 266, 268 ; as model 
for Mimicry, 279, 280; court- 


SYN 

ship of, 297-305; battles be- 
tween males, 310 

Spilosoma menthastri, as probable 
model for Mimicry, 240 
Sponges, Warning Colours of, 166 ; 
associated with Crustacea, 203, 
204 ; extremely repugnant to 
fish, 203, 204 

Spotted fly-catcher, egg of, 65 

— Bower-bird, habits of, 320 
Squirrel, a use of bushy tail of, 209 
Stauropus fagi, concealment of 

larva of, 278 ; terrifying attitude 
of larva of, 279, 280 ; enemies 
alarmed by, 280, 281 ; deceptive 
appearance of ichneumon sting 
upon, 281, 282; frequent failure 
of defence, 282, 283 
Stenopics, use of ‘tail ’ of, 210 
StenorJbynchtos, 78, 79 
StilpnoUa salicis, as model for 
Mimicry, 241-243 
Stoat, winter change of colour in, 
101, 102 

Straw Belle, larva of, 34 
Structural colours, 11 
Suherites domuncula, associated 
with Pagurm cuamnsis, 203 
Summary and Classification, 336- 
339 

Swallow Prominent, 315 
Swallow-tailed Butterfly, colours 
of pupa of, 113, 114, 118 ; ex- 
periments on pupa of, 139 

— butterflies, experiments on 
pupse of, 115-118, 139 ; Mimi- 
cry in African species, 216, 217, 
234-238 ; mimicking in S. 
American species, 232, 239 ; 
as models for Mimicry, 234; 
Mimicry in Asiatic species, 234, 
239 

— Moth, larva of, 27 ; Variable 
Protective Eesemblance in pupa 
of, 111, 112 ; cocoon of, 112 

Syriageles picata, Mimicry of, 256, 
257, 268 ; courtship of, 301, 306, 
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Synemosym formica,, Mimicry of, 
257 

T AXJ BMPEROE moth, Mimicry 
of larva of, 2 63, 264 ; courtship 
of, when -wild and in captivity, 
289 

Tele^horus, Whining Oolouis of, 177 
TerebelUdcs, sand-tnbe of, 78 ; 

Warning Colours in, 201 
Theda, apparent head at vrrong 
end of body, 207, 208 

r — larbas, apparent head at wrong 

end of, 208 

— W-album, apparent head at 
J wrong end of, 208 

, Tiger, marks on head believed to 

be related to surface of brain, 323 
: Tiger-beetle, as model for Mimicry, 

' 262,266 

* . TrcochAn,u$vipera,W Signing ColoTxr 8 
, of, 166, 166 

Tree Prog, povrer of changing 
colour, 83 ; change of colour 
i protective and aggressive, 109 ; 

f eats ladybird when hungry, 180 

Trickcptera, 77 

g Troj^onotm natrix, 60 

r ' Trout, colour of, varies according to 

^ the surroundings, 82 ; incapable 

f of changing colour when blind, 

g 86 ; explanation of blackness 

p . when blind, 89, 90 ; changes of 

I ' colour essentially protective, 87 ; 

f food of, when blind, 87, 88 

' Tryphcma, wings of, seized by 

enemies, 206 
, — j^ormha,, 66 

Turbot, colour of, 68 

' ‘Tussocks,’ defensive value of, 

196-198 

Tussock Moth, see Orgyia pudi- 
hmida, 

TTMOFTERYZ SAMB IT- 
^ O^TJ.,larvaof, 27; "Variahle 
Protective Eesemblance in pupa 
of, 111, 112; cocoon of, 112 


VAE 

■ J/’AGCINIUM, collected by 
i ^ G-ardener Bower-bird, 322 

Ycinessci, metallic pupae of, 9 

— atc(,lanta,54 ; meaning of colours 
of pupa of, 138 

— lo, 54 ; suspension of pupa of, 
112 ; experiments on colours of 
pupa of, 119, 120, 142 ; meaning 
of colours of pupa of, 137, 138 ; 
warning habits of larva of, 171 

— poZychloros, suspension of pupa 
of, 112 ; colours of pupa of, 114 ; 
experiments on colours of pupa 
of, 141, 142 

— nrticcB, 64 ; dark colour of larvae, 
18 ; suspension of pupa, 112 ; ex- 

! periments on colours of pupa of, 
117, 120-132, 141, 142,146, 148 ; 
determination of susceptible 
period, 124-127 ; and of suscep- 
tible part, 128-132 ; meaning of 
colours of pupa of, 138, 139 ; 
warning habits of larva of, 171 

V apourer Moth, defensive ‘ tussocks’ 
of larva of, 197, 198 ; degenera- 
tion of female, 296 

Variable Protective and Aggressive 
Eesemblance, 26 

Resemblance, 26, 81-158 ; in 

■yertebrata, 81-106 ; in fishes, 
82, 83; in Amphibia, 83; in 
reptiles, 84 ; rapid changes de- 
pending upon the eye, 84, 85; 
absent in blind vertebrate ani- 
mals, 85, 86 ; essentially pro- 
tective, 87 ; absent in chamssieon 
before death, 88, 89 ; in northern 
mammals, 92-104 ; in Hudson’s 
Bay Lemming, 94, 95 ; in Ameri- 
can Hare, 95-99 ; physical and 
physiological explanation of, in 
arctic mammals, 98-101 ; vary- 
ing in different districts, 101, 
102 ; lost in certain mammals, 
102, 103 ; biological value, lOS, 
104 ; in birds, 104-106 ; in cer- 
tain invertebrates, 107, 108 ; 
Protective and Aggressive, 109 ; 
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in insects, 110-158 ; in chrysa- 
lides, 111-142 ; in cocoons, 142- 
146 ; in caterpillars, 146-163 ; 
provable, in certain moths ; 157, 
158 ; differences between slow 
and rapid, 154, 155; no explana- 
tion of the origin of colour, 155- 
157 

V ertebrata. Protective Resemblance 
in, 60-69 ; as models for Mimi- 
cry, 257-265 

Yespa^ vulgaris, as model for Ag- 
gressive Mimicry, 267. See also 
Wasps 

Viper, 60 ; Protective Resemblance 
•of, 163 

Vitality believed to account for 
colour, 322-325 ; criticisms upon, 
825-330 

Yolucella, Aggressive Mimicry in, 
267 

— Bombylans, Aggressive Mimi- 
cry of, 267 

Yolucella inanis. Aggressive 
Mimicry of, 267 

W ALKING-STICK’ insects, 58 
Warm-blooded animals, 
18, 100 

Warning Colours, 21, 159-215, 
386-338 ; distinguished from 
Protective and Aggressive Re- 
semblances, 159, 160 ; value of, 
160, 161 ; in Mamihalia, 161, 
162 ; in reptiles, 163, 164 ; in 
Amphibia, 164, 165 ; in marine 
animals, 166, 166 ; in cater- 
pillars, 166-174 ; in the other 
stages of Lepidoptera, 174-177 ; 
in Coleoptera and Plymenoptera, 
177, 178 ; only safely adopted 
■when food is abundant, 178-181, 
182-184 ; probably without effect 
on parasites, 181, 182; resem- 
blance between colours and 
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patterns,* 184-186, 191-196; 

causes deterihining such resem- 
blance, 186-188 ; relation to 
sexual colouring, 189-191 ; con- 
centrated in special parts, 196- 
201; adventitious, 202-204; direct 
attention to non-vital parts, 204- 
210 ; for Recognition, 210-215 ; 
relation to Mimicry, 220-223 

Wasp stores Heliconidce in its 
nest, 229 

Wasps, Warning Colours of, 178, 
186 ; as models for Mimicry, 
245, 247, 249, 250, 266, 267 

Weever-fish, Warning Colours of, 
165, 166 notes 

White ants, as models for Aggres- 
sive Mimicry, 266 

— appearance due to light being 
. scattered, 3-6 

— Ermine Moth, as probable model 
for Mimicry, 240 

Wood-pigeon, egg of, 61, 62, 68 

Wrasse, skill in finding shrimps, 
204 

ENOBSOBA, inclusion of 
fragments of rook, cfec., in 
the shells of, 77, -78 

YELLOWHAMMEB, egg of, 65 
I Yellow Underwing, 56 

Yellow Underwing Moths, wings of, 
seized by enemies, 206 

Z EBRA, colours of, 25 ; pattern be- 
lieved to be due to skeleton, 323 
Zeuzera cbscuU, nauseous in the 
imago stage only, 175 
Zygohallus battles between 

males of, 310 

Zygmna, Warning Colours of ima- 
gines of, 175 

Zygcenidce, similarity of Warning 
Colours of, 196 
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